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:^ ( i o\ ernii i e n t Fund in *j; 

W ork described herein was supported, at least in part, under L:rant 
awarded b\ the National histitules of I leahli. 1 he T.S. gcwernnient therefore nia\ ha\e 
certain rights in tills iinention. 

1 ( ) Related Applications 

This application is a continuation-in-part of I '.S. Serial No. i)^) 030.^7^). tiled 
I-ebruar\- 24, 1^^)8, pending, the entire contents ol^ which are expressU incorporated 
herein b\ reference. 



1 5 i^ackiiround of the hn ention 

The Maf laniil\ ot^ proteins are a sub-tanul\ ot'AP-l C'RhB ATI proteins. 1 he 
fust member t)rthe lamil> to be identilled, the \ oncogene, was origmall\ isolated 
Ivom a spontaneous musculoaponeurotic fibrosarcoma otAdncken and identified as the 
transtbrming gene oflhe a\ ian retro\irus. AS42 {Nishi/awa. \1. cf a/. ( l'^)8^)) Proc. Wul 

20 Accui Sci. I AVI 86:^^1 1-771 5). V-/;/^// encodes a 42 kd basic regiondeucine zipper (b- 
/ip) protein with homolog\ to the c-fos and c-jun oncogenes. Its cellular homologue. the 
c-nicif prolo-oncogene, which has been isolated from murine cells, has onl\ two 
structural changes in the coding region from ( Kataoka. K. cl al. ( l^)'^)^),/ llrol. 

67:2133-2141 ). I he maf family includes c-Maf, malB, a human relina-specitlc protein 

25 Nrl (Swaroop. A. a al. (1992) Proc. \a{l. Acad. Sci. I \SA 89:266-270). malK. malT, 
malCi and pi 8. I he latter four. matK. mat!-, malli and pi 8. each encode prtUeins that 
lack the amino terminal two thirds of c-Vlaf that contains the transacti\ ating domain 
("small maf proteins") (bujiwara, K. 1 . cl a!. { 1993) Oncoi^cnc 8:2371-2380: Igarashi, K. 
Cf al. ( 199s)./ Pii)/. ( Iwm. 270:7615-7624: Andrews, N.C\ cl al. (1993) Prac. XalL 

30 Acad Sci. I 'SA 90:1 1488-1 1492: Kataoka. K. cl al. (1995) Mai. ( 'cll. Biai 15:2180- 
2190). 

C'-Maf and other Maf family members {ovm homodimers and heterodimers w ith 
each other and with bOs and Jun. consis^er^ with the known abilit\ of the AP-1 proteins 
to pair with each other (Kerppola, I .K. and Curran. \\ (1994) Onco^^cfic 9:675-684: 
35 Kataoka. K. cl al. (1994) A/o/, (V//. Biol. 14:700-712). fhe 1)N A target sequence to 

w hich c-Maf homodimers bind, termed the c-Maf response element (MARbd. is a 1 3 or 
14 bp element which contains a core I Rb: ( I -MARi:) or L RV. (C -MARb.) palindrome 
respecti\ el\ . c-Mal has been shown to stimulate transcription [\om the Purkinje neuron- 



Nj^ccilic f^-oiiiotcr l ." (Kurschcr. and Moi-^aii. J.l. < i ^^^4 ) Mol ( 'cll /yio/ 1^:246-2:^4) 
atki Ntl luiN been shown \o dvwc cxproMon ol'tlic ()\\ \ i"clina-spcci lie gciic (Swaroop. 
A. cf isl { \')')2) Proc \a!l AcluI Sci I SA S:^:26()-2 70 ). Additionally, the small nials 
na\ c i^ccn shown lo Umclion as fct^fcsMM's ol (/ and l^'i-Ldnhin Triin^ciiption wb.cn l^ouivJ. 
as liornodinicrs bnt arc csscniial hclcrodniicnc partners with the cr\ ihroid-spcci t'tc 
tacU^r p4>\l -b2 to acti\atc elobin gene transeription ( Kataoka. K. c{ til { 1 ^)*^)5 ) Mol 
( 'cll Hud. 15:21 S()-21^)(): Igarashi, K. ci al { Salwc 3b7:M><S-572 }. MalK 

o\ erexpression has been sho\Mi to induce er\ ihroleukeniia cell di fierentiation (iuarashn 
K. l7 ui t Proc \luI Acad Sci I SA ^^2: 7445-744^) ). Morc(wer, e-Mal has been 

shown to control tlie tissue-specillc expression of the c\tokine intcrieukin-4 in 1 helper 
2 ( rh2) cells (i lo. i-C2 ci al. { \ ( \'ll S5 :073-^)83 ). 

1 he nucleotide seL]uenee ot tlie mouse c*-/;/t// proto-oncoyene, and predicted 
amino acid sequence lor the mouse c-Mat" protein. ha\ e been described (Kurscher. C. 
and Morgan, Jd. ( \ ^)^)?) Mol. ( 'cll lUol l^:24b-254: and (lenbank Accession number 
S74>b7). I lie nuclecmde sequence of tlie chicken e-/;/t// proto-t)ncogene. and prcLlicied 
ammo acid sequence tor the chicken c-Maf protein, akso ha\ e been described (Kataoka 
el al., (lenbank Accession number I)285^>b). liowe\er. these non-iuiman c-Mat" 
compositions ma> not function optimall\ in human ceils and. moreox cr. use of these 
compositions in humans is likel> to stimulate an immune response, since llie chicken or 
mouse c-MatAvould be rccogni/ed as "ft^reien" b\ the human immune s\stem. 
Accordinul) , there is still a need for iniman c-Maf compositions that are suitable lor use 
m humans. 

Summary of the Invention 

I his inx ention pro\ ides human c-Maf compositions. In particular, this iin enticMi 
pro\ ides isolated nucleic acid molecules encodine human c-Maf and isolated human 
c-Mat protein. Since the c-Maf ctMiipositions c^f the invention are human-deri\ ed. the\ 
lunction optimallx in luiman cells {compared with non-human c-Maf compositions ) and 
do ntn stimulate an immune response in humans. 

One aspect of the in\ ention pertains to an isolated nucleic acid molecule 
comprising a nucleotide sequence encoding human c-Maf. In a preterred embodiment, 
the nucleic acid mtilecule comprises the nucleotide sequence of the coding region of the 
Nhel Xbd 'nsert of plasmid pi lu-c-Maf ( A f CX^ Accessitm No. ^)S67I ). In another 
preterred cmbtKliment. the nucleic acid molecule comprises the nucleotide sequence of 
Sb:o II) NO: I . In other embodiments, the nucleic acid molecule has at least OS'S) 
nucleotide identity, more preterabl> <^)9"o nucleotide identit\ . and e\en more preterabl> 

y\) nucleotide identit\ w ith the nucleotide sequence of Si :0 II) NO: I or the 
nucleotide sequence of the Nhel Xbal insert of plasmid pi lu-c-Mat" ( A iXA' .Accession 



No. '^Sf)7] ), In \ct atu^liLM" cniboJimcnL the nucleic acid molecule comprises the 
nucleolkle sequence of the Nhel Xlxil mscil ot piasmui pi 1 n-e- Maf ( A I ( ~t ' Accessuui 
No, WS(w 1 ). 

I he isolaU\l nuelcK' nioiecules (>t the nn entioii ep^codnm luimai'. c-Ma! caai 
he mcorporated into a \eclor, such as an expression v ector, and this \ecUM"ean be 
mlrodtice^l wno a host celh 1 he iiuention also provides a method lor producins.^ a human 
e-\h»[ protein b\ ciiUuring a ht)sl cell of the inv ention (carrv nig a lui-c-Maf expression 
vector) in a stntable medium until a luiman c-Maf protein is produced. The methoLl can 
turther inv olve isolaimg the luiman c-Maf protein from the medium ov the host cell. 

.Another aspect of the mv entitm pertains to an isolated human c-Mat~ protein. 
Preterablv , the human c-Mat" protein comprises the amino acid sequence encoded bv the 
codiiiL! reeicMi of the Nhel Xbal insert of plasmid pi lu-c-Maf { A I CX " .Accession No. 
^)S()71 ). In another preleM'red embodiment, the protein comprises the amino acid 
sequence of SI - (J 1 1 ) N( ): 2. In t>lher embodiments, the protein has at least amino 
acKl identitv , more preferablv ^^)"() amino idcntit> , and even nK>rc preferahlv ^)9.S'*o 
amino acid identitv with S\-A) ID NO: 2 or the protein encoded bv the coding region of 
the Nhel Xbal insert ot^ plasmid pi lu-c-Maf ( .A f CC' AccessK>n No. ^)H(^7 \ ). 

busion proteins, comprising a human c-Maf protein operativ elv Imked to a 
polv peptide other than human c-Maf, are also encompassed bv the inv ention, as well as 
antibodies that specitlcalh bind a human c-Maf protein, fhe antibodies can be. for 
example, polv clonal antibodies or monoclonal antibculies. In one embodiment, the 
antibodies are cotipled to a detectable substance. 

.Another aspect of the inv ention pertains lo a nonhuman transgenic animal that 
contains cells carrv ing a transgene encoding a human c-Maf protein. 

\'et another aspect of the inv ention pertains to a method for detecting the 
presence of human c-Maf in a biological sample. The method inv olv es contacting the 
biological sample w ith an agent capable of detecting an indicator otdniman c-Maf 
acliv itv such that the presence of human c-Maf is detected in the bioU^gical sample. I he 
invention also prov ides a method for modtilating human c-Maf activ ilv in a cell 
comprising. in\(dv ing contacting the cell w ith an agent that modulates human c-Maf 
activ itv such that human c-Maf activ itv in the cell is modtilated. 

Still another aspect of the in\ ention pertains to methods for identi lying a 
C(Miipound that modulates the activ ity of a human c-Maf protein. 1'hese methods 
eenerallv involve; 

prov iding an indicator ctMiiposition that comprises a human c-Maf protein: 
contacting the indicattM- composition with a test compcnind: and 
determining the etTeet t^f the test compound on the activ ity of the luiman c-\hif 
protein in the indicator composititMi to therebv identifv a compound that nu>dulates the 
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acUs !t_\ (it a human c-Mat protein. In a i^rctcrrcLl cnibtx^lnncnt. the uulicatoi' 
coinp(isition coniiMiscs a iuinian c-\la f pn^lcni aiul a [)\A nutlcculc to which the human 
c-Maff^rotcm bmds and the ctTeei of the test eom[^ound on the aeti\ it\' ot'the hunum e- 
\\:\[ [M'otem !^ J.elei'unn.eJ. e\ :i! uatir^.i: ih.e l^iiKiniL: o! l!ie haan^.an. e-\hi! [^rolem to th.e 
5 I)N.A molecule m the presence and absence vM'ihe lest compound. In another prelerred 
embodiment, tlie iiuiicator composition is a cell comprising a human c-Nhif protein and a 
reporter gene responsi\ e to the human c-.Maf protein and the efieet ot the test ct)mpound 
on the acti\ it\ ot'the human c-Mat^protem is determined b\ exaluating the expression of 
the reporter gene m the presence and absence ot'the test compound. In \ et another 
10 embodiment, the melhoei turther involx es the ^tep ot\leternnning the eriect of the test 
compound on an immune response to thereb_\ identily a comj^ound that modulates an 
immune response. 

IVn e t Description of the l)ra\% in<;s 

1 5 1 igure 1 A- 1 B is an alignnient of the !uicleotide scLjuencc of the human c-niiil 

coding region w itli the mouse c-nuif coding region. Nucleotide differences between the 
two sequences are boxed. 

f igure 2 is an alignment c^f the amino acid sequence of the human c-Mal protein 
with the mouse c-Maf protein. Amino acid differences between the twc^ sequences are 

20 K^xed. 

Detailed Description of the Invention 

I his in\ ention pertains to human c-Maf compositions, such as isolated nucleic 
acid molecules encoding human c-Mat and isolated human c-Mal proteins, as well as 
25 methods of use therefore. I he human compositions of the inv ention ha\ e the 

advantages that the\ function optimalK in human cells (compared with non-human c- 
Mat compositions) and do not stimulate an immune response in humans. 

So that the invention n^a\ be more readib understood, certain terms are tlrst 
de lined. 

30 .As used herein, the term "human c-Maf is intended to encompass proteins that 

share the distineuishinu structural and functional teatures (described further herein) of 
the human c-Maf prtnein encoded b\' the Nhel Xbal insert of plasmid pHu-c-Maf, which 
w as deposited under the prtn isions of the Budapest 1 reat\ v ub the American I v pe 
Culture Collection, RtK'kville, Marv land on f ebruary 24.U)*^)S and assigned A I CX^ 

35 .Accession No. '^)(S671. and hav ing the amino acid sequence of SI-(^) 11) NO: 2. including 
the amino acid residues unique to human c-Maf (as compared to mouse c-Maf). which 
are boxed in Ideure 2. 



As used herein, ihc term "nueleie aeul luoleeule" is niteiuied tt> melikle !)N.\ 
nioleeiiles ( e ^ - ^'1 cu- Lieiioniie I )\A ) and R\.\ tnoleeules ( c , inRN.A ). 1 he 
[Uieleie aeul nioieeiile nia> be MiiLile-snatKled or doiible-sli'aiKleLL hiil prelerabA is 
double-su-anded ! )\ A 

An Used hereni. an "isohited nueleie aeid moleeuie" reters to a luieleie aeid 
nioleeule that is Irce of Liene sequenees whieh naturall\ tlank the nueleie aeid m the 
Lienoinie DNA otAhe orLianisni troni whieh the nueleie aeid is derived {i.e., izenelie 
sequenees that avc loeatcd at^ljaeent to the uene lor the isolated nueleie nioleeule in tlie 
yenoniie ot the oreanisni troin uhieh the nueleie aeid is den\ed). 1 or examj^e, in 

\arious eniboditnenis. an isolated hunian e-Maf nueleie aeid moleeuie l\pieall\ eontains 
less than abi)ut 10 kb ot" nueleotide sequenees whieh naturall\- tlank the nueleie aeid 
moleeuie in eenomie DNW of the eell Irom w hieh the nueleie aeid is deri\ ed. and more 
preferabU eontains less than about 5. kb. 4kb. 3kh. 2kb. 1 kb. 0.5 kb or 0.1 kb ot 
natural!) tlankiiiLi nueleotide sequeiK'es. An "isolated" human e-Mat" nueleie aeid 
moleeuie ma\ . howe\er, be linked to other nueleotide sequenees that do not normalU 
tlank the human e-Maf secjucnees in genomic DNA (e.g.. the human e-Mal nuelei>tide 
sequenees ma\ be linked to \ eeior sequenees). In certain preferred embodiments, an 
"isolated" nueleie acid molecule, such as a cDNA molecule, also ma> be tree ot other 
cellular material. Ilowexer. it is not necessar> iov the human c-MatAnicleic acid 
nu>lccule to be free of other cellular material to be ccmsidercd "isolated" (e.g., a human 
e-Maf DNA molecule separated from other mammalian DN\A and inserted into a 
bacterial cell would still be considered to be "isolated"). 

.\s used herein, the term "h\ bridi/es under high stringencN conditions" is 
intended to describe ccMiditions iov h> bridi/ation and washing under w hich nucleotide 
sequences ha\ ing substantial homok)g\ (e.g.. t\picall\ greater than 70'N) homolog\ ) to 
each other remain stabU In bridi/ed to each other. .A preteired. m>n-limiting example of 
high stringencN conditions are h\ bridi/ation in a h> bridi/atitMi buffer that contains 6X 
sodium chloride sodium citrate (SSC^) at a temperature ot about 45""^ for several hours 
to o\ernight. followed b\ one or more washes in a washing butler containing 0.2 \ SS(\ 
O.rS) SDS at a temperature of about 5()-65°C\ 

1 he term "*\)idcntit> " as used in the ccnUext of nueleotide and amino acid 
sequences (e.g.. when one an^ino acid sequence is said to be X"n identical to another 
amino acid sequence) rctcM's t'^ the percentage ot identical residues shared between the 
two sequenees, w hen optimal !>■ aligned, l o determine the percent identit\ of two 
nucleotide or amino acid sequences, the sequences are aligned tor optimal comparison 
purposes [c a: . gaps ma\ be introduced in one sequence lt)r optimal alignment with the 
other sequence). I he residues at corresponding positions arc then compared and when a 
positu>n in one sequence is occupied by the same residue as the corresponding position 
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m the othcf scL[iicncc. ihcn tlic molecules arc i(.lciUica! at tliat posilion. 1 he pereent 
kleiUil\ between t\No seLiiieiiees. lherett>te. in a lunetion of the luinihei- t>r iv^lentieai 
[X)sitioiis sliared h\ two seciuenees (/ t' , ideiUit\ ot'iJeiitieal poMiioii.s total ol 

pt istt UMls \ 1 ()( ) ) 

C'vMnpuler alLionthins known in the art ean be used to optmialK ahLin anil 
compare twt^ luicleotide or amino acid sequences to detlne the pereent identit\ between 
the two sequences. A preterred, non-hmitinu example oTa malhenuitical algonthmi 
utili/ed tor the comparison (W^two sequences is the cdgorilhm of Karlin and .Mtschul 
( \ ')'n)) Proc. Nath Acad. Sci. I SA 87:2264-08. modified as m karlm and Altscluil 

10 ( M^).^^) I^-oc. Nath Acad. Sci. I 'SA ):587.^^-77. Such an algorithm is mcorporated into 
the NHl.AS I and XBI.AS T programs of .MtschuL et ah ( ]')'){)) j, Mol. Hioh 21 >:4().^- 
10. I o obtain gapped alignments tor ct^mparison purposes, (iapped IM .AS I can be 
titih/ed as described in Altschul et ah, ( 1^)^)7) Nucleic Acids Research 25( 17):;v"^80- 
r^4()2. When utilizing HI. AS 1 and (iapped BI AS 1 programs, the delault parameters of 

1 5 the respect i\e programs (e.g.. XHL.AS 1 and NBL/\S 1) can be used. See 

htlp: WW w .ncbi.nlm.nih.gox . Another preterred. non-hmiting example ot a 
mathematical algorithim utilized tor the comparison ot^ sequences is the algorithm of 
M\ers and Miller. C7-\BI()S ( 1989). Such an algorithm is incorporated into the Al.ICiN 
program (\crsion 2.0) which is part ot the CiCXi sequence alignment software package. 

20 W hen utilizing the ALICiN program for comparing amint) acid sequences, a P/\M120 
weight residue table, a gap length penalt> of 12. and a gap penalty o{ 4 can be usclI. If 
multiple programs are used to compare sequences, the program that pro\ ides optimal 
alignment {i.e.. the highest percent identit\ between the two sequences) is used tor 
comparison purposes. 

25 As used herein, a "iKiturall\ -occurring" nucleic acid molecule refers to an KN.A 

or DN'.A molecule ha\ing a nucleotide sequence that occurs in nature {c.i^.. encodes a 
natuiiil protein). 

As used herein, an "anlisense" nucleic acid comprises a nucleotide sequence 
which is complementary to a "sense" nucleic acid encoding a protein, c.i^., 
^^i) complementar> to the coding strand of a double-stranded cI)N.\ molecule. 

complementar\ to an mRN/\ sequence or complementar\ to the coding strand t)f a gene. 
/Xccordingly. an antisensc nucleic acid can h\drogen bond io a sense nucleic acid. 

-As used herein, the term "ccxiing region" reters to regions of a nucleotide 
sequence comprising codons which are translated into amino acid residues, whereas the 
term "noncoding region" reters to ivgions o* a nucleotide sequence that are not 
translated into amino acids (e . 5' and 3' unti-anslated regions). 

.As used herein, the term "\ector" reters to a nucleic acid molecule capable ot^ 
transporting another nucleic acid to which it has been linked. One t\ pe of \ector is a 



'plaMiiKl". which rclLTs to a circuhir double slraiKlcLl loop into which additional 

i)\A sCL^incnls max he li^ialcd. Another t\ pc of \ cctor is a \iral \ cctor, wherein 
additional DN.A scLinients nia> be ligate^l into the \iral ge!U>ine. ("ertcun \eetors are 
capable o\ anioiu^mons replication ni a. h<a<t cell m.to wb.icli lhe\ are iPilrovliieed {c 
bacterial \eclors ha\ my a bacterial oriLiin ot repl ication an^l episonial nianimalian 
\ect(M\s). ()ther \ectors (c ^ - non-episotnal nKiniinalian \ectt)rs) are intei:rated into the 
Lienoine ot a liost cell upon introduction into the host cell, and thereb\ are replicated 
aloni: with the host !ien(Mne. Moreoxer. certain \ ectors are capable of directing the 
exj^iession otA!enes lo which lhe\ are operati\el\ linked. Such \eclors are referred lo 
herein as "recombinant expression vectors" or simpl> "expression \ectors". In general, 
expression \ ectors of utilit) in recombinant I)\A lechtiiques are often in the form ot~ 
plasmids. In the present specification, "plasmid" and 'Aector" ma\ be used 
mterchangeabU as the plasmid is the most C(Miimonl\- used ft Mm of \ector. llo\\e\er. 
the i mention is intended to include such other tbrms otA^xpression \ ectors, such as \ irc 
\ ectors replicLition defectn e retrov iruses, adeno\ iruses and adeno-associated 

\iruses), which ser\e ee]ui\alent tiinctions. 

.As used herein, the term "lK>st cell" is mtcnded to reler to a cell into which a 
nucleic acid otAhe iin ention, sucii as a recombinant expression \ cctor of the in\ ention, 
has been introduced. 1 he terms "host cell" and "recombinant host cell" are used 
interchangeablv herein. It should be understood that such terms refer not only to the 
particular subject cell hut to the proLien\ or potential progen} i^tAuch a cell. Because 
certain modifications may occur in succeeding generations due to either mutation nv 
en\ ironmental intluences, such progen\- may not. in fact, be identical to the parent cell, 
but are still included w ithin the scope of the term as used herein. 

As used herein, a "transgenic animal" refers to a non-human animal, preferabh 
mammal, more preferabK a mouse, in which one or more of the cells of the animal 
includes a "transgene". The term "transgene" i-eters to exogenous DN.A which is 
imegrated into the genome oiAi cell from which a transgenic animal de\ clops and whicl 
remains in the genome of the mature animal, for example directing the expression otAm 
encoded gene product in one or more cell t\ pes or tissues of the transgenic animal. 

.As used herein, a "homologous recombinant animal" refers to a t\ pe of 
transgenic non-hunum animal. preferabl\ a mammal, more preferably a mtnise. in whic 
an endogenous gene has been altered b\ homologous recombination between the 
endogenous gene and an exogenous I)N\A molecule introduced into a cell of the animal 
e .i: . an enibr> onic cell ot the animal, prior tt^ dex elopment of the animal. 

As used herein, an "isolated prcnein" refers to a protein that is substantiall> free 
of other proteins, cellular UKiterial and culture medium w hen isolated fi-om cells or 
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[Moduccd h\ rccoinbinanl l )N/\ techniques, or chemical precursors or other chemicLils 
when chetiiicaHx s\ ntliesi/CLl. 

As used herem. the term "antibod>" is intended lo include innnunoi:lohuhn 
molecules aixl i mmuni^loLMcal l\ acMi\e }^o>rtions miniuiii^L^.h^^^ulm !^lo!ecu!e^. / c 
molecule> that contain an anliLien bindiiiL: site which specificalK l^mds ( immunoreaels 
with) an antii^en, such as l ab and iMab')^ Irauments. The terms "nu>nocKMial antibodies" 
aiKl "monocional antiboiix composition", as usclI herem. refer to a population of 
cUUibod> molecules that contain only one species of an antieen binding site capable ot 
immunoreacimL! with a particular epitope of an antigen, whereas the term "pol\ clonal 
antibodies" and "pol\clonal antibod> composition" refer to a populatitm t)rantibod\ 
molecules that contain multiple species of antigen binding sites capable otdnteraeing 
with a particular antigen. A monoch)nal antibod\ compositions thus l\picall\ displa\ a 
single binding alTinitx tor a particular antigen with which it immunorcacts. 

I here is a known and detlnite correspondence between the amino acid sequence 
ol a particular protein and the nucleotide sec]uences that can code iov the protein, as 
delined b\ the genetic ccxle (shown bekns ). I ikewise. there is a known and definite 
correspondence between the nucleotide seciuence ot a particular nucleic acid molecule 
and the amines acid sequence encoded b\ that nucleic acid molecule, as defined by the 
izenetic code. 



(d;Ni: I ic' c'ODi 



Alanine (Ala, A) 


GCA , 


GCC , 


GCG , 


GCl^ 


Aig^nme (Arg, H; 


.^GA , 


ACG, 


O vj^-i. , 


^-^^ 


As pa rag me {Asn, M) 


.AAC , 


.AAT 






As part ic acxd (Asp,D} 


GAG , 


GAT 






Cysteine (Cys, C) 


TGC , 


TGT 






Glutamic acid (Glu,E) 


GAA , 


GAG 






Glut am me (Gin, Q) 


CAA, 


CAG 






Glv'cme (Gly, G) 


GGA, 


GGC , 


GGG , 




HiGtidme (His, H) 


CAC, 


CAT 






I s o 1 e u c m e (lit.-, I ) 






.-\ 1 J. 




L^nicme (Leu, L) 


CTA, 


CTC , 


r 1 r-.-T .-T 


Cl^T , 


ly s me ( L\'s , ) 


^. ^. 


T. 

t- j- t -k 1. -+ 






Methionine iMet , M) 


ATG 








P h ny 1 a 1 a n 1 n e ( Phe , F 


TTC , 


TTT 






Proline {Pro, P) 


CCA , 


f-^ r-^ 

. C , 


" '' " 


CCT 


53 e r 1 n e { S e r , S ) 


AGC , 




l-T- , 1 


TCC , 


Tlireonine (Thr, T) 


ACA, 


ACC , 


/it O , 


ACT 


T r \T) t opha n ( T i-p , W ) 


TGG 








1' y r o s 1 r. e ( T \' r , V ) 


1 mC , 








'/a line (Val , V) 


GTA, 


GTC , 


GTG , 


m 


Termination signal (end) 


TAA , 


TAG , 


TGA 





CG 



GT 



l^TG 



An important and well known feature of the genetic code is its rediindanc) . w herebx , for 
nmst ol the amino acids used to make proteins, more than one ecxling nucleotide triplet 



nKi> be cinploNcJ ( i lluslr:ilcd aboxc). I hcrctorc. a number ot\li I'tcrcnl luiLlcondc 
Ncqucnccs nia\ coJc (or a lmncii ammo acid scquciK-c, Such nuclcolidc sequences are 
cousi^lei'ed t unclioiuil 1\ e(.jui\alenl since lhe\ result m the prtKiuction of the >ame annuo 
:iC!d soqueiiee m al! organisms (a.!*!uniuh certain organisms n^.av ;ran,s!atc >v>mc 
scquenccN more etticientlx than the> do others). Moreover, occasional 1\ . a melh\ lated 
\ariani ol a purine or p>rnnidine ma\ be found in a given nucleotide sequence. Such 
nietlu lations do not aftect the coding relalionship between the trinucleotide eodon and 
the correspoiuling amino acid. 

In \ ie\\ of the t\)regomg. tlie nucleotide sequence o\ i\ or R\.\ molecule 

coding tin- a human c-Maf protein of the nn entuni (or an\ portion thereof) can be use to 
deriv e the human c-Maf amino acid seL}uence, using the genetic code lo iranshite tlie 

or KN.A molecule into an ammo acid sequence. 1 ikevvise, for anv human c-\hi(- 
amino acid seqtience. corresponding nucleotide sequences that can encode the human c- 
Maf protein can be deduced from the genetic code (which, because ot its redundance 
Will produce multiple nucleic acid seqtiences for an\ given amino acid sequence). 1 hus. 
description and or disclosure herein of a human c-Maf nticleotide sequence should be 
considered to also include description and or disclosure t)f the amino acid sequence 
encoded bv the nucleotide sequence. Similarlv . description and or disclosure of a 
human c-Maf amine) acid sequence herein should be considered to also include 
descripticMi and or disclosure ot^ill pt^ssible nucleotide sequences that can encode the 
amino acid sequence. 

N^arious aspects ot^ the invention are described in further detail in tlie following 
subsections: 

1. Isolated Nucleic .Acid Molecules 

One aspect of the in\ enlion pertains lo isolated nucleic acid molecules that 
encode human c-Maf. An approximateU 4.2 kilobase tragment of DNA encoding 
luiman e-Mat has been isolated from a gent^mic l)N/\ librar> and subcloned into the 
plasmid pHluescriplKS dl . E. coli bacteria carrv ing this plasmid, referred lo as pi lu-c- 
Maf. hav e been deposited under the prov isions of the Budapest 1 reat\ w ith the 
.American 1 > pe C^ilture Collection. Rockv ille, Ml), oi^i l ebruarv 24, 1998 and assigned 
A I C Accession No. 98671 . This plasmid was ccMistructed bv inseilion 4.2 kb 

Nhel fragment enco np issing the human c-Maf coding region into ihe compatible Xbal 
site otThe plasmid vector, to thereby create a -4.2 kb Nhel'Xhal insert that encodes 
luiman c-Maf. It should be ntUed that upon ligation of the Nhel fragment into the Xbal 
site, these restriction sites are not regenerated and, thus, to excise the fragment tVom the 
plasmid, it is necessarv \o use adjacent restriction sites within the pBltiescript polylinker. 
1 he nucleotide sequence t)f the human c-Maf coding region, and corresptMuiing 
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predicted amnio acid sequence, ai^e shown \u SI (J II) \()s: 1 and 2. leNpeeti \ ei \ . I hi> 
nueleolKie Nequeiiee, and predicted antnu> acid se^juence. ot liunian e-\lat'\\ere obtained 
l\\ sequenemLi of the Nfiel Xbal insert ot" the p\ In-e-Nhd' [Ma>nud llmiil! standard 
seqnencinr nielhod^ !^-iniers lov <CL\i\crx\rrJi aa^e desiened based oai die nucleoliLle 
Ncquence show n in Sb.CJ 1 1 ) NO: 1 , 1 no kit ion and characteri/ation oT the human e-Mal- 
encoding l)N/\ is described further in the bAample. 

In a preferred embodimeni. the nucleic acid molecule of the nn eniion comprise> 
the nucleotide sequence of the coding region ohlhe Nhei Xbai insert of plasmid jMlu-c- 
Mat (.AlC'O Accession N\). ^)8671 ). In another prelerred embodiment, the nucleic acid 
moleculectMiiprises the nucleotide sequence ot"S|-;0 ID NO: 1. In other embodiments, 
the nucleic acid molecule has at least ^)S^'o nucleotide idcntit\ . more preterabK ^)^)**<) 
nucleotide identit\ . and e\en more preterabK- ^)^).5^\) nucleotide identii\ with the 
nucleotide sequence of SI ;(^) 1 1) NO: I ov the nuclctnide sequence ot^ the Nhel Xbal 
insert of plasiuid plIu-c-Maf { .\ TOO Accession N\). ). In \ et another 

embodiment, the nucleic acid molecule comprising the nucleotide seciuence of the 
Nhel Xbal insert of plasmid pi lu-c-Maf ( .A f C"C^ Accession No. 9<Sb71 ). 

Nucleic acid molecules that dilfer ivom Sl.Q II) NO: 1 (and nucleotide sequence 
oi the Nhel Xbal insert c^f p-Hu-c-Mat^) due to degenerac\ of the genetic code, and thus 
encode the same Iniman c-Mat^ prt>tein as that encoded b> Sb;Q II) NO: 1 and pllu-c- 
Mah are encompassed h\' the in\ ention. Accordingl) . in another embt>dimenl. an 
isolated nucleic acid nK)lecuIc of the inv ention has a nucleotide sequence encoding a 
protein ha\ ing an amino acid sequence shown in S1;Q II) NO: 2 or hav ing the amino 
acid sequence encoded by the coding region of the Nhel 'Xbal insert ot^p-I lu-c-Maf. 

A nucleic acid molecule hav ing the nucleotide sequence of human c-\laf can be 
obtained i\om plasmid pi Iu-c-Mat\M- can be isolated using standard molecular biologv 
techniques and the sequence information pro\ ided herein, f or example, a human c-Maf 
DNA can be isolated frc^n a human genomic DNA librar\' using all or portion of SI 'O 
II) NO: 1 as a h> bridi/ation probe and standard h> bridi/ation techniques (t'.<^'.. as 
described in Sambrook. J., cf c/l MoIccuIlw ( lofiini^: A Lc/honiforv Mc/ni/a/. Jm/, cel.. 
( Spriin^ Ilarhor Lahoraiory, C\)ld Spring Harbor. NA', U)KO). Moreov er, a nucleic 
acid molecule encompassing all or a portion of Sl-O II) NO: I can be isolated bv the 
pol\ inerase chain reaction using oligonucleotide primers designed based upon the 
sequence oI^SbQ II) NO: I . l-or example, mRN.A can be isolated from cells {c.^^., bv the 
guanidinium-thiocvanate extraction procedure of Chirgwin cf al. ( 1979) Biochemistry 
1 S: 5294-5299) and cDNA can he prepared using reverse transcriptase {c . Mc^lonev 
MIA' reverse transcriptase, available fix^n (iibco i^RL, Bethesda, MI): or AMY reverse 
transcriptase, available trom Seikagaku .America. Inc., St. Petersburg. Id J. Svnthelic 
oligonucleotide primers for VL R amplit icatitMi can be designed based upon the 



luiclcotuic Ncqiicncc .shown in SI (J I i ) \( ); 1 . A nucleic acid oi'ihc iinciuion can he 
amplified usiiiL! cDN A oi\ alternate ci\ , Licnoinic I)\A. as a template and appropriate 
oliLionucleotidc primers accordiriL' to standard Vi R amplilicalion techniques. The 
"ucleic acid so amphiled can be cloned into an uppiopiiate vector and ciiaracteri/ed h\ 
1)N.\ sequence anal>Ms. 1 tirlhermore. ol igoiuicleotKies corresptMiding to a human c- 
Mat nucleotide secjuenee can he [prepared h\ standard s\mthctic techniques, e i^v . usiul: an 
automated DNA s\nthesi/er. 

In addition to the human c-Malduicleotide seciiience shown in SIX) II) NO: 1 and 
carried h> plasmid pIlu-e-Mai; ii will he appreciated b\ those skilled in the art tliat I)\/\ 
seqtience pol\ niorphisms that lead to miimr chaiiLjes m the nucleotide or ammo acid 
sequences of human c-Mafma} exist within a pt)pulation. Such genetic poKnnMphism 
in the htiman c-\lat gene ma\ exist among indixiduals within a population due to natural 
allelic \ ariation. Such natural allelic \ ariati(Mis can t\picall\ result in 1-2 \ ariance in 
tlie nucleotide sequence of the a gene. An> and all such nucleotide \ ariations and 
resulting amino acid pol\ niorphisms in human c-Mafthat are the result ot~ natural allelic 
\ ariation and that do not alter the functional acli\ it\ otduiman c-\lai are intended to be 
within the scope oTthe imention. 

Nucleic acid molecules corresponding to natural allelic \ ariants of the human c- 
Mai DNAs of the in\ ention can be isolated based on their homolog\ to the human c-Maf 
nucleic acid molecules disclosed herein using the human [)NA, or a portion thereof, as a 
Ii\ hridi/ation probe according to standard h_\ bridi/ation techniques under hmh 
stringenex' h\ bridi/ation conditions. Accordingly, in another embodiment, an isolated 
nucleic acid nuWecule of the inx ention h\ bridi/es under high stringenc>' conditions to a 
second nucleic acid molecule comprising the nucleotide sequence oi'SI:Q ID NO: 1 . In 
certain embodiment, the isolated nucleic acid molecule comprises at least 30, 50, 100, 
200. 300. 400. 500. 600. 700. 800. 900. 1000. 2000 or 3000 contiguous nucleotides of 
SI;Q II) NO: 1. Preferabl}, an isolated nucleic acid molecule of the iinention that 
h\ bridi/es under high stringenc\ ctmditions to the sequence of Sb;Q II) NO: 1 
corresponds to a naturall\ -ticcurring allelic \ ariant ot\i human c-Maf nucleic acid 
mt^lecule. 

In addition to naturall\ -occurring allelic v ariants of the human c-Maf sequence 
that ma\ exist in the p(^pulatit>n, the skilled artisan will further appreciate that minor 
changes may be introduced by mutation into the nucleotide sequence of S» O II) NO: 1 , 
thereb) leading to changes in the amino acid sequence t>f the encoded protein, w ithout 
altering the functional acti\ it\ of the human c-Maf protein. Vov example, nucleotide 
substitutions leading to amino acid substitutitms at "non-essential" amino acid residues 
ma\ be made in the sequence of Sb;0 II) NO: 1. .A "non-essential" amino acid residue is 
a residue that can be altered from the w ild-t\ pe -equence ot human c-Maf ( tv;^'. , the 



>cqucncc oi SI ij 1 1 ) \( ); 2 ) w ilhoiil altering the tuiicuonal acU\ il\ oi' cAkiT. such as its 
abililx U> interact with I)N.\ or its ahilit\ to enhance transcription from an 11-4 
promoters whereas an "essential" ammo acid residue is requirei^l tor (Imctional acti\ it\ 

Accor\hngl\\ another a>[Kvl v»l the iiueiilion peilains to nucleic acui molecules 
encoding human c-Maf proteins that contain changes in ammo acid residues that are not 
CNNcntial lor human e-\lat" acti\ it> . Such human c-Mal prolems dilTer m ammo acui 
^equence from SIX) 11) NO: 2 (or the annuo acid sequence encoded h\ pllu-c-Maf) \ et 
retain human e-Mat* acti\ it\ . i'hese non-natural \ariants ofhuman c-Mafalso ditVer 
from non-human c-Maf proteins (e.g., chicken or motise c-Maf) m that lhe\ encode at 
least one amino acid residue that is uniqtie to human c-Maf (i.e.. at least one residue tluit 
IS not present in chicken or mouse c-Maf). Preferabl\ . these non-nalural \ ariants oi 
human c-Maf encode at least 2, 3, 4. 5. 6, 7, 8. ^) or 10 amino acid residues that are 
tmiqtie to human c-Maf (i.e.. that are not present in chicken or mouse c-Maf). 

An isolated nucleic acid molecule encodmg a non-natural v ariant of a human c- 
Mal protein can be created b\ introducing one or more nucleotide substitutions. 
addititMis or deletions into the nucleotide sequence of SI:Q) 11) NO: 1 (or plasm id pi lu-c- 
Mat ) such that one or more amino acid substitutions, additions or deletions are 
introduced into the encoded protein. Mutations can be introduced into S\{Q II) NO: 1 b\ 
standard techniques, such as site-directed mutagenesis and PCd^-mediated iiiutagenesis. 
PreterabK . conser\ ati\ e amino acid substitutions are made at one or more non-essential 
amino acid residues. A "conserxalive amint) acid substitution" is one in which the 
ammo acid residue is replaced with an amino acid residue ha\ ing a similar side chain, 
f amilies of amino acid residues ha\ ing similar side chains ha\ e been defined in the art. 
including basic side chains {c.i^., Ksine, arginine. histidine), acidic side chains (e.^r. 
aspartie acid, glutamic acid), uncharged polar side chains (c .i; . gKcine, asparagine, 
glutamine. serine, threonine, t\rosine, cysteine), nonpolar side chains {ca^., alanine. 
\ aline, leucine, isoleucine. proline. phen\ lalanine. methionine. tr\ ptt)phan ). beta- 
branched side chains (e . threonine. \ aline, isoleucine) and ai*omatic side chains (e.,<^^. 
t\ rosine. phen\ lalanine. tr\ ptophan. histidine). 1 hus, a ncMiessential amino acid residue 
in human c-Maf is preferably replaced w ith another an^ino acid residue from the same 
side chain famil> . Alternatix ely. in aiunher embodiment, mutations can be introduced 
randomh along all or part of the human c-Maf ctKiing sequence, such as b\ saturation 
mutagenesis, and the resultant mutants ci ^. ^ e screened tor their abilit\ to bind to DNA 
and or acti\ ate transcription, to identity mutants that retain functional activity, 
hollow ing mutagenesis, the encoded human c-Maf mutant protein can be expressed 
recombinantly in a host cell and the functional activity ot^the mutant protein can be 
determined using assax s a\ailable in the art tor assessing cAlaf acti\ it\ (e.g., assa\ s 
such as those described in detail in PC V Publication ^V'O 3^)721. 



Another aspect ot'thc imcnlion pertains to rsotatcd nucleic acui nutlccules that 
aie anlisense to the coJinu strand ot~a hiinian c-.\]al' ruKNA or ijcne. An antisense 
nucleic ackl ot the nnention can he coniplenienlar\ to an entire luinian c-\lal" codiriL! 
^itand, or to onl\ a portuMi tlierci^t; In on.e en^bodinicnu an anlisense luicieic acid 
inoiecLile is antisense to a coding region otdhe coding strand ot"a nucleotide sequence 
encoding human c-Mal lhat is unique to luinian c-Maflas compared to iKm-luiman c- 
Mals, such as chicken or mouse cAlal ). In another embodiment, the antisense nucleic 
acid molecule is antisense to a noncoding regitni ohthe codinL- strand oi d nucleotide 
sequence encoding human c-Maf'tlial is unique to human c-\lat'{as compared to non- 
human c-Mals, such as chicken or mouse c-Mat K In prelerred embodiments, an 
antisense of the in\ ention comprises at least M) contiguous nucleotides of the noncodim: 
strand ot Sb:(^) II) NO: I, more prelerably at least 50. 100, 200, 300, 400. 500. 000. 700. 
800. 000 or 1000 contiguous nucleotides of the ntMiccxiing strand ot" Sb(^) II) \(): 1 . 

(ii\ en the coding strand sec]uences encoding fniman c-\lat\iisclosed herein (o . 
SI O II) NO: 1 and plasmid pIlu-c-Maf). antisense nucleic acids ohthe iinention can be 
designed according to the rules of Watson and Orick base pairing. I he antisense nucleic 
acid molecule ma\ be complementar> to the entire coding region t)f human c-Maf 
mRNA. or alternati\el\ can be an oligonucleotide which is antisense to onlv a pcMlion ot 
the coding or noncoding regitm of human c-Maf mRNA. I or example, the antisense 
oligonucleotide ma\ he complementary to the region surrounding the translation start 
site ot human c-Maf mRNA. An antisense oligonucleotide can be. tor e\an:iple. about 
1 20, 2r>. 30. 35. 40. 45 or 50 nucleotides in length, An antisense nucleic acid of the 
iinention can be constructed using chemical s\nthesis and en/>matic ligation reactions 
using procedures known in the art. l or example, an antisense nucleic acid (e.e., an 
antisense oligonucleotide) can be chemically s> nthesi/ed usinu naturalU occurrine 
nucleotides or \ ariousl\ modi lied nuelecnides designed to increase the biological 
stability of the mc^lecules or to increase the phs sical stabilit) of the duplex formed 
between tlie antisense and sense nucleic acids, ci^., phosphtirothioate deri\ati\es and 
acridine substituted nucleotides can be used. .\lternati\ el\ . the anlisense nucleic acid 
can be produced biologically using an expression \ector into which a nucleic acid has 
been subcloned in an antisense orientation {i.e., RNA transcribed \rom the inserted 
nucleic acid w ill be of an antisense orientation to a target nucleic acid of interest, 
described ^ur^ ler in the lollowing subsection). 

In another embodiment, an antisense nucleic acid of the invention is a ribo/A tiie. 
Ribo/> mes are catalytic RXA molecules with ribonuclease aeti\ ity which are capable of 
cleaving a single-stranded nucleic acid, such as an mRNA, to which they ha\e a 
complementary region. A ribo/\ nie ha\ ing specit icily for a human c-Maf-encoding 
nucleic acid can be designed based upon the nucleotide seciuence of a htiman c-Maf eene 
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lIislIosclI herein. I-im" cxamj^lc, a ^lcri\ati\c ot a I cn\ih\nicnLi \ - \^) 1\'S RNA can be 
eonstnielcd in which ihc base sequence of the actixe site i> conipienieiiIar\ lo the ba.sc 
sequence to be clea\ed in a hunum e-Mat-encodiiiL: niRNA. See lor example ('eeh a nl 
\ .N. batenl No. 4.WS7.()71 : and ( 'ech c! nl I '.S. !\ilent No. "^.1 16.742. Altcriiati \ ei \ . 
human c-Mah tnRN.A can be used lo select a eatal> tic i\N.\ ha\ mi: a specific 
ribonuciease acti\ it\ Worn a pool of RNA molecules. See lor example HartcL 1). and 
S/ostak. JAW ( Science 261 : 141 1-14 IS. 

^'et another aspect ot^the nnenlion pertains to isolated nucleic acid molecules 
encodinii human e-Mal'lusion proteins. Such nucleic acid molecules, comprising at 
least a lirst nucleotide sequence encoding a human c-Maf protein. pol\ peptide or peptide 
operati\el\ linked lo a second tuiclet>tide sequence encoding a non-human c-Mat 
prcnem. pol\ peptide or peptide, can be prepared b\ standard rvcombinant DNA 
techniques. Human c-Maf fusion proteins are described in further detail below in 
subsectitMi 111. 

II. Recombinant I xpression \'ectors and Most CAdls 

Another aspect of the iin ention pertains to \ ectt)rs, preferably recombinant 
expression \ eclors, containing a nucleic acid encoding human c-Maf (or a portion 
thereof). I he expression \ ectors t^lMhe iin ention comprise a nucleic acid of the 
iin ention in a form suitable lor expression ol^lhe nucleic acid in a host cell, which 
means that the recombinant expression \ eetors include one or more regulator\ 
sequences, selected on the basis of the host cells to be used for expression, w hich is 
operati\eIy linked lo the nucleic acid sequence to be expressed. Within a recombinant 
expression \ector. "operabK linked" is intended to mean that the nucleotide sequence of 
interest is linked to the regulator) sequence(s) in a manner which allows for expressicMi 
ot the nucleotide sequence [c.^.. in an /// viiro transcription translation system or in a 
host cell when the \ ector is intrcKiuced into the host cell), d he term "regulator) 
sequence" is intended to includes promoters, enhancers and other expression control 
elements (c i;. . pol> aden\ latitMi signals). Such regulator) sequences are described. \\m 
example, in (ioeddel; iicfjc Fxprcssiofi Tccluioloy^x ; Mcfhoils in Enzyiuoloy^y 1S5. 
Academic Press. San Diego, C7'\ ( 1*^)90). RegulatcMA sequences include those which 
direct C(Mistituti\ c expression ot a nucleotide sequence in main t\ pes of host cell and 
those wliich direct expression ot^ the nucletUidc sequence onl\ in certain host cells {cai , 
tissue-specific regulator) sequences). It will be appreciated b) those skilled in the art 
that the design o\ the expression \ ectt>r ma) ucpend on such factors as the choice t)f the 
host cell to be transti>rmed, the le\el ot\\xpression of prtnein desired. c!c. The 
expression \ eetors of the inx ention can be introduced into host cells to thereb) produce 
proteins or peptides, including fusion proteins or peptides, encoded b) nucleic acids as 



described herein ( e a: . luiinan e-Mat~ proteiiiN. iiuiuint (oi-iiis ol luiniaii e-Mat' prtUeins, 
liLinian e-Maf tusion prdlems and ihe like). 

1 he reeotnbinaiu expression \ eeliMs ot llie nnenlion can he desiiined tor 
exiM-esNUMi of' human e-Xla!' protein \v pi"- ^kiir) » ^Iie 'ar eukaa^ otic ee!!s. !■ or e\aar.p!e, 
human e-Mat\an he exjMessed m haelerial cells such as /-. co/i, mseel cells (using 
haculo\ irus e\[^ression \ectors) _\ east cells or mammalian cells. Suilahle host cells are 
discussed lurlher m CioeddcL iiciic Expfcssio)! I cchnoloi^y Mclhocls in /jiix/no/oi^x 
t(S_*>. Academic Press. San DicLio. CW ( l^^^O). Allemaii\ el\ . the recombinant expression 
\ eclor ma\ he iranscnbed and translated /;/ vifro. lor example using 17 promoter 
regulator} seiiuences and 17 polymerase. 

1 xpression of prolems in prokarNotes is most often carried out in I' coli with 
\ectors containing constitiui\e or inducible promotors directing the expression ot' either 
fusion or non- fusion proteins. 1 usicMi \ ectors add a nmnber (^f amino acids to a protein 
encoded therein. usuall\ to the amino terminus ot the recon)binanl protein. Such t\ision 
\ectois can ser\e one or more purj^oses: 1 ) to increase expression ot recombinant 
protein: 2) to increase the solubilil> ol the recombinant protein; 3) to aid in the 
purification of the recombinant protein b\ acting as a ligand in affmil) purification: 4) to 
pro\ ide an epitope tag to aid in detection and or purification of the protein: and or 5) to 
pro\ ide a marker to aid in detection of the protein (^^^^,^, a coUm^ marker using \\- 
galaclosidase fusions). Often, in fusion expression vectors, a prc^tcolytic cleavage site is 
introduced at the junction of the fusion moiety and the recombinant protein to enable 
separation of the recombinant protein from the fusion moietv subsequent to purification 
ot the tusion protein. Such en/,\'mes. and their cognate recognition sequences, include 
f actor Xa, thrombin and enterokinase. fvpicai fusion expression vectors include pCib.X 
(Pharmacia I^iotech hic: Smith. D.B. and Johnson. K.S. (19S8) iicnc 67:31-40). pMAl. 
(New laigland Hiolabs. Beverlv, MA) and pRrr5 (Pharmacia. Piscatawav, NJ) which 
fuse glutathione S-transterase (CiS I ), maltose \\ binding protein, or prt^ein A. 
respectiv elv . to the target recombinant j^rotein. Recombinant proteins also can be 
expressed in cukarvotic cells as tiision proteins for the same purposes discussed above. 

l^xamples of smtable inducible non-iusion coli expression v ectors include 
p i re {.Amann ct al . { 1*^)88) iicfw 6^:301-315) and pb. I 1 Id (Studier ct ai . (icnc 
l\\/?rL\s.si<>n Icclmoloy^y: Methods in Fjizvtnolos^v 185 . Academic Press. San Diego, 
C'alitornia ( 1990) 60-89). I arget gene expressiiMi from the p r^"c v ector relies on host 
RNA polymerase transcription Irom a hybrid trp-lac fusion promoter. Target gene 
expression iVom the pb. I 1 Id vector relies on transcription from a 17 gnlO-lac fusion 
promtiter niediated bv a coexpressed v iral RNA polv nierase (17 gnl ). 1 his v iral 
polv nierase is supplied bv host strains B1.21(nb3) or I IMS 1 74( I )I:3 ) tVom a resident a 



jM'opliagc harboririLi a 17 1 iicik* under the transcriptional control ol^thc lad A' :^ 
promoter. 

( )ne strateuN io ina\inii/e reconibmant protein expression m I: coli is to express 
th.e pi'otem \n a lu^sl bacteria witbi an inipaireJ capacity prv>teol\ ticalK *.lea\e the 
leeonibinant proteni ( ( itntesnian, S., (icnc f'xprcwion Tcchnoloy^v : Mclhoils in 
/■ nz\ /jiohfi^v 1S5. Aeadeinie I*ress, San Dieuo, CalilornuH 1*^)^)0) 1 UM2S). Another 
strateg) is to aher the nucleic acid sequence of the nucleic acid to be inserted inlt> an 
expression \ ector so that the indi\ idual codons lor each amino acid are those 
preterentially utili/od m /•; co/i (W'ada cl nL. ( M)92) \iic Acids Res. 20:21 1 1-21 18). 

10 Such alteration ol nucleic acul set^iuences ot the iiu ention can be carrieei out b\ staiulai\i 
DNA s\ nthesis techniques. 

In another enibodiment. the human c-Mal" expression \ ector is a \ east exjM'cssion 
vector, i:\amples ot A ectors for expression in > east \. ccrivisac include p^'epSecl 
(Baldari. e/ ^/Z , ( 19S7) EMBOJ 6:229-234). pMI a (Kurjan and I lerskowit/. (19S2) ( c// 

1 5 30:933-943), pJin'KS (Schult/ ci ciL, { 1987) ( jcfw 54:1 1 3-123), and p^d :S2 (Invitrogen 
Corporation, San Diego. CW), 

/\lternati\ el\ . human c-Maf can be expressed in insect cells using bacukn irus 
expression \ ectors. Baculox irus \ ectors av ailable tor expressitMi of proteins in cultured 
insect cells {e.<j:.. Sf 9 cells) include the pAc series (Smith ct uL. ( 1983) Mol. ( V// Bio/ 

20 3:2156-2165) and the pVl. series (Lucklow. V.A.. and Summers. M.D., (1989) I'iro/o^i^v 
1 70:31-39). 

In \ ct another embodiment, a nucleic acid of^the irn ention is expressed in 
mammalian cells using a mammalian expression \ ector. b^xamples of mammalian 
expression vectors include pMex-Neoi. pC^DM8 (Seed, B.. (1987) Suture 329:840) and 

25 pM r2PC' (Kaufman a al. (1987). EMBO J. 6:187-195). W hen used in mammalian cells, 
the expression v ector's control lunctions are olten prtn ided b> \ iral regulator) elements, 
f or example. commonK used promoters are deri\ ed trom pol\ oma. Adeno\ irus 2. 
c\ tomegakn irus and Simian Virus 40, 

In another embodiment, the reecMiibinant mammalian expression vector is 

30 capable of directing expression t^f the nucleic acid preferenlialiv in a particular cell t> pe 
(t'.^i;. . tissue-specific regulator)' elements are used to express the nucleic acid), l issue- 
specillc regulatory elements are known in the art. Non-limiting examples ot^ suitable 
tissue-specillc promoters inelu'^'^ 'Miiphoid-specific promoters (C^ilame and 1-aton 
( 1988) Ailw Immufioi 43:235-275). in particular promoters of 1^ cell receptors (W'inoto 

35 and Baltimore (1989) KMBOJ 8:729-733 ) and immunoglobulins (Banei;ii cl al. (1983) 
( V// 33:729-740: Queen and Baltimore ( 1 983 ) ( W/ 33 :74 1 -748). the albumin promoter 
(liver-specific: Pinkert ct al. ( 1987) iioics Pcv 1:268-277). neuron-speei fic promoters 
{Ci:., the neurofilament prcMiioter; lUrne and Ruddle ( 1989) J'roc. Xall. Acad Sci. I \SA 



- 17 - 



Nfv^47_;-^477)^ pancrcas-spccitlc jM-oinotcrs ( l-dlund a nl ( ]^)S>} Scicficc 
and iuaniinar> Lilaiul-Npcci t ic pi'oinolcrs [c . niilk \\hc\ piHMiiolcr: 1 .S. Patent No. 
4,S7 v."^ Ui and l iiropcan .Application I*ublicalion No. 2(i4,U)()). 1 )c\ clopnicntal 1\ - 
fL'L'iihitcd proniolcrs arc also L'n.coir.passcd. lor c\ani[^lc llic niuinic ho\ pronu)tcrs 
(KcNNcl and druss ( 1^)^)0) Science ^M'^ >74- w^)) and tiic (x- tdoprolcin promoter 
{( 'anifuvs and Iiljihtnan ( 1 ^)S^)) ( icncs Dcv 3 > 7-:^4f) ). 

Morco\ cr. niduciblc regulator) s\ steiiis tor tisc m tnanitiial lan cells are know n ni 
the art, tor example s\ stems m w hich gene expression is regulated h\ hea\ \ metal ions 
(see c ii , Ma>o a al. { 19S2) ( e// 2y:^^M()<S: Brmster c( nl. ( 19S2) .\^/////v 2^ny^')-^2\ 
Searle c7 t// ( 1 ^)(S5 ) A A>/ Cell Biol > : 1 4S()- 1 4S^) ), heat shock ( see e <,^ , Nouer c7 al. 
[ P^^M ) m IIclU Shock Rcspofisc, e.d. Nouer, 1 . . Cd<( \ Boca Raton . I I ., pp 167-220). 
h(M-mones {see e , l ee ci nl ( 1 ^>8 1 ) Witurc 2_^:228-232; 1 l\ nes ci al. (1981) rn)c 
Wul. Acad. Sci. I 'SA 7K;2()3S-2()42: Kloek a al. { 1987) \a(urc 329:7.^^4-736: Israel cV: 
Kautman ( 1989) \ucl. Acu/s Res. 17:2589-2604: and PC T Publication No. WO 
9.'^ 2^431), I- K506-relaled molecules ( see e/,v . PC T Publication No. WO 94 18317) or 
tetrac\clines ((iossen, M. and Bujard, il. { 1992) /'roc. \af/. Acad. Sci. I SA 89:5547- 
5551: (lossen, M. ci al. ( 1 995 ) \c /lv/cc 268: 1 766- ! 769: POT Publication No. WO 
94 29442: and PO 1 Publication No. WO 96 01313). Accordingly, in another 
embodiment, the iin ention pro\ ides a recombinant expression \ ectt)r in which human c- 
Mal DNA is opei-ati\eI\ linked to an inducible eukaryotic prcMiioter, theieb\ allowing 
tor inducible expression of human c-Maf protein in eukarx cUic cells. 

I he iin ention further prov ides a recombinant expression \ ecti)r comprisinu a I)N/\ 
molecule ot the invention cloned into the cxpressicni \ector in an antisense orientation. 
I hat is. the DNA molecule is operati\ ely linked to a regulatory sequence in a manner 
which allows lor expression {by transcription of the DNA molecule) of an RNA mt^Iecule 
which is anti.sense to human c-Maf mRNA. RegulattK\ sequences operati\ elv linked to a 
nucleic acid cloned in the antisense orientation can be chosen which direct the continuous 
expression t>f the antisense RN.A molecule in a \ ariet> of cell t\ pes. tor instance \ iial 
promoters and or enhancei-s. or regulatory sequences can be cht^sen which direct 
constitutive, tissue specitlc or cell t\ pe specific expression t>t\intisense RNA. I he 
antisense expression \ ector can be in the form of a recombinant plasmid, phagemid or 
attenuated virus in w hich antisense nucleic acids are produced under the control of a high 
< Ml ienc\ regulat(M\ t-egion, the activ ity of w hich can be determined by the cell type into 
w hich the v ector is introduced. Vov a discussion of the regulation ot^gene expression using 
antisense genes see W eintraub. 11. ci id., Antisense RNA as a mt^lecular tool lor genetic 
anal V sis. Reviews - Trends in (ienedcs. Vol. 1(1) 1986. 

.Another aspect of the inv ention pertains to recombinant host cells into w hich a 
v ector, preferabl v a recombinant expression v ector, of the inv ention has been 
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iniroduccd. A hoM cell iiki\ be aii\ prokar\olic or ciikar\ (^tie cell. I \>r example, luiinan 
c-Mat [MxUein [na> be expressed in bacter ial cell.s such as /■. l-o/i. insect cells, \ east or 
maninialian cells ( such as ( 'hiiiese hanistei- o\ ar\ cells (( d lO) or ( ( )S cells ). ( )ther 
NLiilanie iiost ceils are known to tlu)se skilled m the art Vector !)\.\ cai^. !^e : r.lro Jcaeed. 
iiitct [^rokar>otic oreukar\otic cells \ la Ci>ii\ entional transtorinalion or transtcction 
techniqties. As used herein, the terms "iranstormation" and "transtcction" are intended 
to reter to a \ ciriei\ ot\iri-recogm/cd lechniques tor introdiicinu foreign nucleic acid 
(c e: . n\'.\ ) iiut) a host cell, including calcium phosphate or calcium chloride co- 
precipitation, I )l;.AI-;-dextran-mediated transtcction, lipotection, or electroporation. 
Suitable methods lor transtorming or transiecting host cells can be tound in Sambrook 
fi ill [MoU'cuhir ( loiiin^^: A LnhorcUorv Mciniail. 2nd 1-dition. ("old Spring Harbor 
1 aborator\ press ( 1^)S9)). and other laboralorx manuals. 

kor stable transtcction c^k mammalian cells, it is kncnvn that, depending upon the 
expression \ ector and transtcction technique used. onl>- a small traction ot cells ma\ 
integrate the torcign DNsA into tlicir genome. In order to identiiX and select these 
integrants, a gene that encodes a selectable marker ici:., resistance to antibiotics) is 
general l\ introduced into the host cells along w ith tlie gene otMntcrest. Prelerred 
selectable markers include those which confer resistance to drugs, such as (j4] (S. 
hNgromyein and methotrexate. Nucleic acid encoding a selectable marker ma> be 
introduced intc^ a host cell on the same \ ector as that enccxhng human c-Makor ma\ be 
introduced on a separate \cctor. CVdls stabK transteeted with the introduced luicleic 
acid can be identitled b\- drug selection (c.</ . cells that have incorporated the selectable 
marker gene will sur\i\e. while the other cells die}. 

A host cell ok the in\ enti(Mi. such as a prokar\ otic or eukaryotic host cell in 
culture, can be used to produce {i.e., express) human c-Mal^ protein. AccordingKc the 
imention Irirthcr prcn idcs methods tor producing human c-Mak protein using the host 
cells okthe invention. !n one embtKiiment. the method comprises culturing the host cell 
ot iinention (into which a recombinant expression \ ector encoding human c-Maf has 
been introduced) in a suitable medium until human c-Maf is produced, hi another 
embodiment, the method further comprises isolating human c-Mak tVom the medium or 
the host cell. In its native form the human cAlaf protein is an intracellular protein and, 
accordingly, recombinant human c-Mat>rotein can be expressed intracellular]) in a 
recombinant host cell and then isolated trom the host celk c.i^.. by Using the host c 'I 
and recovering the recombinant human c-Maf prcUein from the lysate. Alternatively, 
recombinant human c-Mat protein can be prepaivd as a exti-acellular prtnein bv 
operativelv linking a heterc^logous signal sequence to the amino-terminus okthe protein 
such that the prtnein is secreted trom the host cells. In this case, recombinant human c- 
Mat protein can be recov ered from the culture medium in which the cells are cultured. 



( /crtain lu>>l cells ot'lhc in\ciiiioi] can al>o be used to produce uonhuiiiaii 
iransLienie animals, lor example, in one embodiment, a liost cell of ihe iin ention is a 
tertili/ed ooe\ te or an embr\(Miie stem eell into whieh human e-Mal-eodiiiL: sequences 
ha\e been introduced. Such h.osl cells can th.en be used to create luuvhuman lian.>L:eme 
animal.s m which exouenous human c-Mat' setfucnces ha\e been introduced into their 
L^enome or homologous recombinant animals in which endoLienous c-Maf seciuences 
ha\e been altered. Such animals are usetul lor slud\ ing the function and or Licti\ it\ of 
human c-Mafand for idcnlilying andor e\alualing modulators ot human c-\laf acti\ it\ . 
.Accordingl) . another aspect of the itn cntion pertains to nonhuman transgenic animals 
10 which contain cells carr> ing a transgene encoding a human c-Maf protein or a portion ot" 
a human c-Maf protein. In a subembodimcnt. of the transgenic animals of the iin ention. 
the transgene alters an endogenous gene encoding an endogenous c-Maf protein (e . 
homologous recombinant animals in w hich the endogenous c-Maf gene has been 
tunclionall)' disrupted or "knocked out", or the nucleotide sequence t^f the endogenous c- 
1> \kil gene has been mutated or the transcriptional regulator) region ot^the endogenous c- 
\hit gene has been altered). 

.\ transgenic animal tif the iinention can be created b\ introducing human c- 
Mal-encoding nucleic acid into the male pronuclei of a fcrtili/ed ooc> le. e u , b\ 
microinjection, and alkns ing the ooc\ te to de\ elop in a pseudopregnant female toster 
20 animal. The human c-Maf nucleotide sequence of SkX) ID NO: 1 (and plasmid pllu-c- 
Mat) can be introduced as a transgene into the genome ot a non-human animal. Intronic 
sequences and pol\ aden\ lation signals can also be included in the transgene to increase 
the efficiencN ot expression ol^the transgene. A tissue-specific regulator) sequence(s) 
can be operabh' linked to the human c-Maf transgene to direct expression of human c- 
2> Mat protein to particular cells. Methods i\n generating transgenic animals \ ia embr\ o 
manipulation and microinjection. particularU animals such as mice, ha\e beetMiie 
C(Mn entional in the ail and are described, for example, in I '.S. Patent Nos. 4.736.K6b and 
4.K7t).()()^). both by keder c( al., I '.S. Patent No. 4.873.1^1 by W agner ci a/, and in 
Ik^gan. B.. MLUupiilafifiy^ (he Mouse ljuhryo, (C\>ld Spring I kirbcM" Laboratory Press. 
30 Cold Spring Harbor. N.\\. 1986). Similar methods are used for prcuiuction ol' other 
transgenic animals. .A transgenic tbunder animal can be identitled based upon the 
presence ol the human c-Maf transgene in its genome and or expressicMi c^f human c-\kif 
mRNA in tissues or cells of the animals. /\ transgcp'c 'ounder animal can then be used 
to breed additional animals cann ing the transgene. Moreo\ er. transgenic animals 
35 carr\ ing a transgene encodine human c-Maf can further be bred to other transeenic 
animals carr\ ine other transeenes. 

1 o create a honK>logous recombinant animal, a \ector is prepared which contains 
at least a porticni of a human c-Maf gene into \^ hich a deletion, addition ox substitution 
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has been mlroduccd to thcrch\ alter, l' . 1 unetional 1\ disrupt, the cikIolicuous e-Mat' 
^L'lie. hi one enibo^hmeiil. a hornolouous reeonibinat ion \eetor is ilesiizned Mieh that, 
upon hoinoloLious rccouibniation. the eudoi^enous e-Mat^gene is lunetionahN disrupted 

t' . '1,^ !(MiL!cr encodes a t'an.etuMial proteni: liIsvI relerred to- a.> a "kno^k oat" se^tui j. 
Alternate el\ . the \ eclorean be desijined such that, upon lioniologous recombination, 
the cnLloLzcnoLis c-Mafi^enc rc[Maccd b\ the huntan c-Mat'iiene. In the homologous 
recombuiation \ ector. the ahcrcd portion ol thcc-Mal gene is Hanked at its 5' and 3' ends 
b\ additivmal nucleic acid ot'the c-Mafi^cne to allow tor homologous recombination to 
occur between the exogenous human c-Mat gene carried b\ the \ ector and an 
endt^genous c-Mafgene in an embr\onic stem cell. The additional Hanking c-Maf 
nucleic acid is ot sulficient length tor successful homologous recombination witli the 
endogenous gene. I \ picall\ . several kilobases of Hanking l)N.\ (both at the 5' and V 
ends) are included in the \ector (see c . Thomas. K.R. and (\ipecchi, M. \i. { 1^)87} ( 'cll 

tor a description of homologous rect^mbination vectors). The \ eclor is 
introduced into an embrNonic stem cell line {c a^.. by eleclroporation ) and cells in w hich 
the introduced human c-Mat gene has homologoush recombined with the endogenous 
c-\laf gene are selected (see c^.l,^, Li. \\. ci a/. ( I 992 ) ( V// 69;9 ] 5 ). The selected cells are 
then injected into a blastt>c>sl of an animal (c.<^.. a mouse) to form aggregation chimeras 
(see Bradle\, A. in I'cnUocarcinotncis uficl Ijiihryofiic Stcnj i\'lls: A Pnicdccd 
ApproLiclK Robertson, ed. (IRL. Oxford, 19<S7) pp. I 13-152). A chimeric embr\o 
can then be implanted into a suitable pseudopregnant female loster animal and the 
embr\t) brought to term. Progenv harboring the homologt>usl\ recombined DNA in 
their germ cells can be used to breed animals in which all cells ot the animal contain the 
homologoush recombined DNA b\' germline transmission oi'the Iransgcne. Methods 
lor constructing homologous recombination \ ectors and homologous recombinant 
animals are described further in Bradley. A. ( 199] ) C \{rrcn{ Opiuion in Biotcclnioloiiv 
2:823-829 and in PC^'f lnternati(mal Publication Nos.: WO 90 1 1354 by be Mouellec c/ 
a/,: \\'() 91/01 140 by Smithies ci ai: WO 92 0968 by /ijistra ci a/.: and WO 9V()4169 
b\ Berns cf uL 

\n addition to the foregoing, the skilled artisan will appreciate that other 
approaches known in the art for homologous recombination can be applied to the instant 
iiuention. ITi/yme-assisted site-specific integration systems are kncnvn in the art and 
can be applied to intc m"; le a DNA molecule at a pivdelermined location in a second 
target DNA nK^leeule. bAamplcs of such en/yme-assisled integration s\ stems include 
the C^re recombinase-lox target s\stem {cai., as described in Bauhonis, W. and Sauer. B. 
(1993) SucL Acids Res. 21:2025-2029; and bukushige. S. and Sauer. B. (1992) Proc. 
\cjf/. Aciui. Sci. I SA 89:7905-7909) and the bbP recombinase-1 R 1 target sxstem {c.i^., 
as described in Dang. D. I . and PerrimcMi, N. ( 1992) /)(*v. (Acncf. 13:367-375: and 



1 icniig, S. cl al. ( rn)c Will Aaui. Sci. ( SA ^)():X46^^S47.^^ ). I clrac\ ci iiic- 

rcLiLilatcd iiuluciblc honioloL!oiis ixxoinlMnalioii systems, such as described in PC I 
Publication \o. W( ) 2^)442 and PC I I\ibIicalion No. \\'( ) also can be 

usc^i. 

1 1 1 st]i I a lcd 1 lu i 1 1 an c-Mat P r >tci ns and A i i \ \-\ iuin a i \ c-Mal' . Anlibod i cs 

Another aspect otAhe nn ention pertains to isolated human c-\lat protems. 
l*relerabl\ , tiie human c-\lat' protein comprises the amino acid sequence encoded b\ the 
Ci>dmg region ol the Nhel Xbal msert of plasm id pi lu-c-Maf ( A KA/ Accession No. 
^^<Sb71 ). In another preferred embt)diment. the prt>tein comprises the amino acid 
Ncquence of Sb;(J II) NO: 2. In other embodiments, the protein has at least ^)S'N) amino 
acid identit\ . more preterabl\ ^)^y\) ammo identit\ . and e\en more preferabK 
amino acid identit\' with SI-O II) NO: 2 or the protein encoded by the coding region of 
the Nhel Xhal insert of plasmid pl Iii-c-Maf ( A I C A^ Accession No. 08671 ). 

In other embodiments, the in\ ention prov ides isolated portions of the human c- 
Mai protein, f or example, the invention further encompasses an amint^-terminal portion 
ol human c-Maf that includes a transcriptional activ ation domain. In v arious 
embodiments, this amino terminal portion encompasses at least amino acids 1-122. at 
least amino acids 1-187. or at least amino acids 1-257. AncUher isolated portion t^f 
human c-Maf prov ided bv the inventitm is a portion encompassing a carbtwy-terminal 
leucine zipper dt^nain. This portion encompasses at least amino acids 3 I 3-348. 

Human c-Maf proteins t)f the inv ention are preferablv prt)duced bv' recombinant 
1)N.\ techniques. Por example, a nucleic acid molecule encoding the protein is cloned 
into an expression v ector (as described abov e), the expression v ector is introduced into a 
host cell (as described abov e) and the human c-Maf protein is expressed in the host cell. 
I he human c-Mai~ protein can then be istWated Worn the cells bv an appropriate 
purillcaticMi scheme using standard protein purification techniques. Alternativ e to 
recombinant expression, a human c-\laf poly peptide can be sv nthesi/ed chemicallv 
using standard peptide synthesis techniques. Moreover, nativ e human c-Maf protein can 
be isolated from cells {c.^.. iVom I cells), for example bv immunoprecipitation using an 
anti-human c-Maf antibodv . 

I he inv enlitMi also prov ides human c-Maf fusion proteins. As used herein, a 
human c-Mat~ "fusion protein" comprises a human c-Maf polypeptide operativ elv linked 
to a polv peptide other than human c-Maf. A "human c-Maf polypeptide" refers to a 
polv peptide hav ing an amino acid sequence corresponding to human c-Maf prcUein, or a 
peptide fragment ihereol Which is unique to human c-Maf pi-otein (as compared to non- 
human c-Maf proteins, such as mtnise or chicken c-Maf. whereas a "polv peptide other 
than human c-MaP' refers to a polvpeplide hav ing an amino acid sequence 



corresponding: lo another [^rotciii. W'llhin the fLiMon [Moicni. the Icrni "o[^crati \ cK 
linked" is intended to indicate that the human e-Maf [Polypeptide aiul the other 
[Pol\ peptide are fused in-tranie to each cUher. ! he other pol\ peptide !na\ be tuse^l to the 
\ ternim.us or ( ' lerriniuis vif ihic liunuin c-Mal" jHM\ [K'[nide. r or example, in one 
embodiment, the t"usu>n protein is a ( iS l -htiman c-Maf Itision protein in \\ hich the 
human c-\hit sequences are l\ised to the C"-termintis of' the (IS 1 seqtiences. in another 
embodiment, the fusion protein is a human c-\lat"-IL-\ fusion protein in which the 
human c-Mal nucleotide sequence is inserted in a \ ector stich as p(ddM-HA \ector 
(Ilerrscher. R.f . a al. (1M<)5) iicncs Dcv y:3()()7-.^^()S2 ) such tiiat the human c-Maf 
sCLjuences are lused in Irame to an intluen/a hemagLzhitinm epito}x^ tay. Such fusion 
proteins can tacilitale tlie purillcation of recoml^inant human c-\hif. 

Preterab!\. a human c-Maf ttision prtUein of tlie itn ention is prodticed b\ 
standard recombinant I)N.\ techniques, f or example. DNA fragments coding lor the 
difTerent pol\pe[Midc seqtiences are ligated together in-frame in accordance with 
conxentional techniques, for example empIo\ ing hlunl-endcd or stagger-endcLl termini 
tor ligation, restriction en/>mo digestion to pro\ ide for appropriate termini, lllling-in t>f 
cohesive ends as appropriate, alkaline phosphatase irealment to a\c>id undesirable 
joining, and en/> malic ligation. In ancnher embodiment, the fusion gene can be 
s\ iithesi/ed b\ con\ entit)nal techniques including automated DNA s\ nthesi/ers. 
Ahernati\ el> , PCR amplification of gene fragments can be carried out using anchor 
primers which gi\e rise to complementar\ overhangs between two conseculi\e gene 
fragments which can subsequentU' be annealed and reamphlkxl to generate a chimeric 
gene sequence (see. for example. ( ^urrcni Frofoco/s in Molecular Bioloy^y. eds. Ausubel 
a cd. John Wiley & Sons: 1992). Moreover. man> expression vectors are commerciallv 
av ailable that alreadv- encode a fusion moiet> {c.}^.. a (iS 1 polv peptide or an HA epitope 
lag). A human e-Maf-encoding nucleic acid can be cloned into such an expression 
v ector such that the fusion moietv is linked in-frame to the human c-Maf protein. 

An isolated human c-Maf protein, or fragment thereof , can be used as an 
immunogen to generate antibodies that bind specifleallv to human c-Maf using standard 
techniques for polyclonal and monoclonal antibodv preparatioi:i. 1 he human c-Maf 
protein can be used to generate antibodies or. alternativ elv . an antigenic peptide 
fragment of human c-Mal^can be used as the immunogen. An antigenic peptide 
fragment of human c-Mal^ typicallv comprises at least S amino acid residt .if the 
amino acid sequence shown in S1;Q II) NO: 2 and encompasses an epitope olMuiman c- 
Mat such that an antihculv raised against the peptide forms a specific immune complex 
with human c-Maf. Preferably, the antigenic peptide comprises at least It) amino acid 
residues, more prelerablv at least 15 amint> acid residues, even more preferablv at least 
20 amiiK) acid residues, and most preferablv at least 30 ammo acid i-esidn.:s. Preferred 



epitopes encompassed b\ liie aiUiLienie peptide are regions of luiinan e-Mafthal are 
located on the sartace of the j^rotem. c c' - li> drophihc rcLiions, and that are iiniqiie to 
hiinian c-Mah as compared to e-Mal' proteins from other species, such as chicken or 
mouse (I e . an antiL-eme peptide llvM spans a rcLiion. oldranian e-Martjiat i> iiot 
coii.ser\ed aeroNS species is tised as inmuinogen: such non-conser\ ed rcLZions residues 
are boxed in luLiure 2). A standard h\ drophi)bicit\ anal\ sis ot^tlie fuiman c-Mat" protein 
can be performed to identit\ h>drophihc regitMis. 

-A human c-Maf immunoL^en l\ pieall\ is used to pre[Xire antibodies b\ 
immum/ini: a suitable subject, (ea,^, rabbit, goat, mouse or other mammal) with the 
immunogen. An appropriate imnuinogenie preparation can contain, tor examples, 
reeombinantl\ expressed iuiman c-Maf protein or a chemicallv s\ iuhesi/ed human c- 
Mat i^'ptide. l lie preparation can further include an adjti\ant, such as breund's complete 
or incomplete adju\ ant. or similar imnninostimulat(^r\ agent. Immuni/ation of a 
stiitable subject w ith an immunogenic human c-Maf preparation induces a poK cltMial 
antiduiman c-\hd' antibod\ response. 

Accordmgl) , another aspect of the inv ention pertains to anti-human c-Maf 
antibodies. Poly clonal anti-human c-Maf antibodies can be prepared as described abo\ e 
b\ imnumi/ing a suitable subject w ith a human c-Mat immunogen. 1 he anti-human c- 
Mal antibod\ titer in the immunized subject can be monitored o\ er time b\ standard 
teeliniques. such as with an en/yme linked immunosorbent assay (b.IdSA) using 
immobilized human c-Maf. If desired, the antibody molecules dirvcted against human e- 
Mat can be isolated from the mammal (e,<:., irom the blood) and further purified b\ well 
known techniques, such as protein A chromatograph\ to obtain the IgCi iVaction. At an 
appropriate time after immunization, e.i: . when the anti-human c-Maf antihod\' titers are 
highest, antibody-producing cells can he obtained from the subject and used to prepare 
monoclonal antibodies b> standard techniques, such as the h> bridoma technique 
t)riginall\ described by Kohler and Milstein (1075. Xaiurc 256:495-497) (see also. 
Brown c7t//. (1981)./ Immunol 127:539-46: Brown cf a/. ( I'm)) J BioI Chcni 
255:4980-83: Veh cf al. (1976) PSAS 76:2927-3 1 : and Veh c( ul. ( 1982) ./ ( \mccr 
29:269-75). the more recent human B cell h\ bridt>ma technique (Kozbor c( al. { 1983) 
Immunol loc/civ 4:72). the 1 .B V-hybridoma technique (C\ile c/I. { 1985), Monoclonal 
Antibodies and ( \niccr Thcrap\\ Alan R. lass. Inc.. pp. 17-')(^) or trioma techniques. 
1 he technoU^gx for prt^ducing monoclonal ar ibod\' hybridomas is well known (see 
generally R. 11. K enneth. m Alonoclofial . infihodics: A \c^v Dimension In Biolo^^iccd 
Analyses. Plenum Publishing Corp.. New ^'ork. New ^'ork ( 1980): !{. A. berner (1981 ) 
Yaled. Biol. Med.. 54:387-402: M. P. i\c[\cr ei ai {\')77) SomaHe Cell (wnei. , 
'^:231-36). Brielh , an immortal cell line (t\picall\ a m\eloma) is fused to Ixmphocytes 
(t\ picall\ splenoc\ tes) trom a mammal immunized w ith a human c-Maf immui^oeen as 
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(.i^'NCiibc^l abo\L\ aiul llic culture supcriuilanls ot the rcsultuiii h\biulonKi cells arc 
sciccuclI to Klcntit\ a li\brido[iia [^ro^hicitiL: a nioiuiclonal ainii'io^i\ tluil bnid> 
spcciUcallN lo human c-Mat'. 

Ari\ oTlliC iriaii\ well kuowri pi\>io^A)l> u>cd lui Tumul: 1> ni[4u)t^\ Ics aiiJ 
.■^ miniortal i/ed cell lines can be applied lor the purpose of Licneratini: an anti-luunan c- 
Maf monoclonal antibod\ ( see. c a;. . ( i. ( ialtre a cil. { 1 ) Wiiurc 2(>6:55().'^2: ( letler ci 
Lil Sonuific ( V// (icncf , cited suprLi: I.erner, )\ilc J. lUol Med., cited supra: Kenneth. 
Monoclonal Anfihoi/ii'.w cited supra). Moreover, the ordinar\ skilled worker will 
appreciate thai there are nKtn\ \ariations oi such methods which also wcuild be uselul. 

10 l \picall\. the immortal cell line {cy^ . a m>eloma cell line) is derived trom the same 

mammalian species as the l\mphoc\ tes. l or example, murine h\ hridomas can be made 
b\ tusmiz 1} niphoc) ICS trom a mouse immuni/ed with an imn^unoueiMc preparation of 
the present invention with an immortal i/ed mouse cell line. Pre (erred immortal cell 
lines are mouse mveloma cell lines that are sensitive to culture medium containing 

1 5 hv pt)\anlhine. aminopterin and thv iiiidine ("I lAT medium"). Ain ot a number ot' 
mveloma cell lines mav be used as a fusion partner according to standard techniques, 
e.x' - the P3-NSI 1-Ag4-1. P3-x63-AgK.653 or Sp2 ()-Ag]4 m>eloma lines. These 
mv eloma lines are available trom the American I vpe CTilture Collection ( A I CX'), 
Rockville. MI). Tvpicallv. 1 1 A T-sensitiv e mcnise mveloma cells are tused to mouse 

20 splenocvtes using polvellnlene glycol ("IM^G"). llybridtima cells resulting trom the 
tiision are then selected using llA 1 medium, which kills unilised and unproductiv elv 
tiised mveloma cells (untused splenocvtes die atter several davs because the\ are not 
translbrmed). Ilvbridoma cells producing a monoclonal antihod> ot^the invention are 
detected bv' screening the hv bridoma culture supernatants tor antibodies that bind human 

25 c-Mal\ c.^.. using a standard 1-LISA assav . 

Alternativ e to preparing monoclonal antibodv -secreting hv bridomas. a 
moiu>clonal anti-human c-Mat\intibody can be identified and isolated b> screening a 
recombinant combinatorial immunoglobulin library (e.^i^r, an antibodv phage displav 
libraiA ) with human c-Mal to thereby isolate immunoglobulin librarv members that bind 

30 human c-Maf. Kits tor generating and screening phage display libraries are 

commerciallv av ailable [c.^.. the Pharmacia Rcconjhinant Phai^c Antibody S\ stem, 
Catalog No. 27-9400-0 1 : and the Slratagene Surf/AP^^^^ Pha^^c nisplav Kit, C^italog 
No. 24061 2 V Additionally, examples ot^nethods and reagents particularlv amenable for 
use in generating and screening antibodv display library can be Ibund in. lor exaniple. 

35 l.adner ct al. U.S. Patent No. 5,223.4()<^): Kang ct al. International Publication No. W'O 
92 ISO 19: Dower c7 a/ International Publication No. \\'( ) 9 1 1 727 1 : Winter e/ t// 
International Publication W'O 92 20791: Markland ct al. international Puhlicatit^n No. 
W'O 92 15679: i^reitling ct al. International Publication W'O 93 01288: McC\itTertv ct al. 



Inlcnuitioiial l*iihlication No. \\ ( ) ')2 01047: Crarrard cf nl 1 ntcrnaluHial i*ublication No 

W ( ) 02 OOfiOO: I adiicr ci til. 1 nlcrnal loiial Publication N(>. \\ ( ) oo ()2(S()0: ]■ uchs cl liI 
( 1 00 1 ) Bii} Tcclinolo^^v 0: 1.^.70-1 w:: I Ia> ci al. [ 1002) lluni Antihod Ih hridomas VSl- 
N:^: Muse a a! i 1 wso i "^acncc 2-L^: I 2^:^-1 2S1 : ( n ithih^ .// ( i <)0.^ ; !:MIU) J 1 2.72:^- 
^ >4: [ iaukms a a/ { I 002 ) ./ AA^/ lUoI 22(>:S<SO-SO(): C 'larkson a liI ( 100 1 ) Wiiurc 
;s2:()24-628; (uani cl al { 1002) IWAS SO; . S76-.V^8(): (iarrad cf cil { 1001 ) 
Hii) /cc/]n()l()i^\' '):\}7?^-\M7: liooLiciihooin a c^/ { \ ^)^) \ ) \uc Aca/ Res 1 0;4 1 33-4 1 ."^ 7; 
Harbas c7 a/. ( 1 00 ]) /WAS S8:707K-70<S2: and McCatlcrtN cl cil. Wiiurc (1000) ^^>4S:x>2- 
N^4. 

AdditioiialK . rcctMubinant antiduiniaii c-Nlaf antibodies, such as cliiincric and 
luimani/cd monoclonal antibodies, comprising both human and non-human portions, 
which can be made using standard recombmant DNA techniques, are within tiie seoju' o 
tlie inxention. Such chimeric and humanized monoclonal antibodies can be produced b\ 
recinnbinant DNA techniciues kncnsn in tlie art, for example usme methods described m 
Ivobinson cl nl. International Patent Publication PC' l rsS() 02260; Akira, cl al. 
I uropean Patent Application 1K4.1K7: l aniguchi, [European Patent Applicatitni 
171.406: Morrison cl al Pairopean i\itent .Application 173,404: Neuberger (7 ^//. PC^ 1 
Application W'O 86 01533: C^abilly ci al. I'.S. Patent No. 4,816.567: C'abilly cl ai 
lairopean Patent Application 125,023: Better e/ ^/Z. ( I 088 ) \c7e//cr 240: 1 04 1 - 1 043: lau 
Cl al. ( 10S7) /\V-LV 84:3430-3443: \ \ucl al. (1087)./. Immunol. 1 '^^0:352 1 -3526: Sun e/ 
al (1087) r\AS 84:214-218: Nishi mtira ct al. ( 1087) ( anc Res. 47:000-1005: \\ chkI ci 
al. ( 1085) A'^;/^//v 314:446-440; and Shaw cl al. (1088)./. Xail (\uiccr Insi 80:1553- 
1550); Morrison. S. L. ( 1 085 ) Nc7"cv?cv 220:1202-1207: Oi cl al. (1086) Biolcchuiqucs 
4:214: Winter U.S. Patent 5.225.530; Jones cl ai (1086) \aiurc 321:552-525: 
X'erhoeyan ci al. ( 1 088 ) Ne/e//ee 230: 1 534: and Beidler e/ t//. (1088)./. Immunol. 
141:4053-4060. 

An anti-human e-Maf antibtui> (e.^ , monoclonal antihod\ ) can be used to isolate 
human c-Maf b\ standard techniques, such as alfmitN chromatograpln or 
immunopreeipitation. An anti-human c-Maf antibody can facilitate the purification of 
natural human c-Mat^ from cells and of recombinanth produced human c-Maf expressed 
in host cells. McMvo\er, an anti-htiman c-MalAintibod\' can be used to detect human c- 
Mat protein (e.^s^r, in a cellular l\ sate or cell supernatant). Detection may be facilitated 
by coupling (i.e., physicall\' linking) the antibody to a detectable substance. 
.Accordingly in one embodiment, an anti-human c-Maf antibody of the inv ention is 
labeled with a detectable stibstance. I{\amples otAletectable substances include \ arious 
en/>mes. prosthetic groups, lluorescent materials, luminescent materials and radioacti\e 
materials. i :xamples of suitable en/\mes include horseradish peroxidase, alkaline 
phosphatase, (^-galaetosidase. or acet\ lcholinesterase: exampK^s of suitable pi\)sthetic 



LiroLip complexes include Nlrepta\idin hiolin and a\ idin hiotin; exanif^les ofMiilai^lc 
tluorcNceiU materials include umhei i i reronc, lluorescein, lluoresccin isothiocx anatc, 
rhodamme. dichloroiria/in\ laniine tluorescem, dans\ I chloride or ph\ coer\ ihnn: an 
e\,in^.p!e o! a lammescep.l irialenal include.^ luniiiU'l, cUkI examples of suiianie 
radu)acti\ e material include I, ' 1, ' S or 'll. 

\c\ another aspect ot'the iinention pertams to anti-luiman c-Nhif antibodies that 
are i>btainahle by a process comprising: 

(a) imnuini/inL: an animal with an mimunoLienic human c-Mat' protein, or an 
immunoLiemc portion thereof unique tt) human c-Maf protein: and 

(h) isolating Irtmi the animal antibodies that speciricall\ bind to a human c-Mat^ 

protein. 

Methods h>r immuni/ation and reco\ er\ of the sixxatlc anii-human c-Maf antibodies are 
described further abo\e. 

rV_lll^^^r'n Kiceiuical C\)mpt)sitions 

Human c-Maf modulators of the inx ention (e.^i:.. human c-Maf inhibilor\ or 
stimulatory agents, including human c-Maf proteins aiid antibodies) can be incorporated 
into pharmaceutical composititms suitable lor administration. Such compositions 
t\ picalK ctimprise the modulator) agent and a pharmaceutical l\' acceptable carrier. As 
used herein the term "pharmaceuticalK acceptable carrier" is intended to include an\ and 
all soKents, dispersion media, coatings, antibacterial and antifungal agents, isiUonic and 
absorption dela\ ing agents, and the like, compatible with pharnKiceulical administration. 
I he use ol such media and agents for pharmaceuticalK acti\ e substances is well known 
in the art. b.xcept insofar as any con\ entional media or agent is incompatible with the 
activ e compound, use thereof in the compositions is contemplated. Supplementar\ 
acti\ e compounds can also be incorporated into the compositions. 

A pharmaceutical composition t^f the iinention is formulated to be compatible 
w ith Us intended route of administration, f or example, solutit^is or suspensions used for 
parenteral, intradermal, or subcutaneiuis application can include the follow ing 
components: a sterile diluent such as water for injection, saline solution, fixed oils. 
pol\ eth\ lene gl> cols. gK cerine, prop\ lene gl> col or other s> nthetic soK ents. 
antibacterial agents such as ben/\ 1 alcohc^l or metln I parabens: antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as eth\ ' .'diaminetetraacetic 
acid; bulTers such as acetates, citrates or phosphates and agents for the adjustment of 
ti)nicil\ such as sodium chloride or dextrose, pi I can be adjusted w ith acids or bases, 
such as h\ drochUMac acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable s> ringes or multiple dose vials made of glass or 
plastic. 



IMKiriiiacciilical coinposiiioiis suitable for injcclablc unc mclLtdc sicrilc aqueous 
solutions (where water soluf^Ie) or dispersions and sterile powders tor the 
extemporaneous preparation o( sterile iiiieetable solutions or dispersion. I-or 
intravenous adniini^tratuMi, suitable earr:ers include MoloLrieai saline, baeteiaostatie 
water, ("reinophor M ^ (BASI'. Parsippan\. N.l) or phosphate buflered saline (IM^S), 
In ail eases, the composition nuist be sterile and shottld be lluid to the extent that eas\ 
s\ rinuabilitx exists. It must be stable under the conditions of manulactuiv and storage 
and nnist be preserv ed ayainst the contaminating action of microorganisms such as 
bacteria and iungi. I he carrier can be a solxent or dispersivMi medium containing!, for 
example, water. ethanoL pol\ol (lor example. gl\ceroL prop\ lene gl\ct)l. and Iiqtiid 
pol\ ethe\ lene gl> coL and the like), and suitable mixtures thereof. The proper tltiidit\ 
can be mamlamed, tor example. b\ the use of a coating sucli as lecithin, b\ the 
maintenance ol the required particle si/e in the case of dispersion and b\ the use of 
surtactants. Pre\ ention of the action ol^ microorganisms can be achiev ed bv v arious 
antibacterial and antiftmgal agents, for example, parabens. chlorobutanol, pheiu>l. 
ascorbic acid, thimerosal. and the like. In manv cases, it will be preterable to include 
isotonic agents, iov example, sugars. pol> alcohols such as manilol, sorbitol, sodium 
chloride in the composition. Prolonged absorption ot^the injectable compositions can be 
brought about bv including in the composition an agent which delavs abscM-ption. for 
example, aluminum monostearate and gelatin. 

Sterile injectable solutions can be prepared b\ incorporating the active 
compound in the required amount in an appropriate solv ent vv ith one or a combination of 
ingredients enumerated abtn e. as required, lollowed bv filtered sterilization, (ienerallv . 
dispersions are prepared by incorpc^rating the active compound into a sterile vehicle 
which contains a basic dispersion medium and the required other ingredients tVom those 
enumerated abcn e. In the case of sterile powders h^r the preparation of sterile injectable 
solutions, the prvferred methods of preparation are v acuum drv ing and free/e-drwing 
w hich V lelds a powder of the active ingredient plus anv additional desired ingredient 
Irom a prev iouslv sterile-filtered solution thereof'. 

Oral compositions generally include an inert dikient or an edible carrier. I hev 
can be enclosed m gelatin capsules or compressed into tablets, f or the purpose of oral 
therapeutic administration, the active comptnind can be incorporated w ith excipients and 
used in the form of tablets, troclv s. )r capsules. Oral compositions can also be prepared 
using a tluid catTier for use as a mouthwash, wherein the compound in the lluid carrier is 
applied orallv and swished and expecloi-ated ov swallowed. Pharmaceuticallv 
compatible binding agents, and or adjuvant materials can be included as part of the 
comp(^sition. The tablets, pills, capsules, troches and the like can contain an> of the 
lolUnv ing ingredients, or compounds of a simif - nature: a binder such as 
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iniciocr} slallmc ccIluUisc, iium iraiiacanth ov uclalin: an cxLapiciU Mich as slarcli or' 
laclo.sc. a dtsimciii\it iim aucnt such as almnic acuL PninoecL or corn starch: a hibricant 
>Lich as mauncsiuni sicaralc or Sicrolcs: a i:!idanl such as colloklal sihcon ehoxulc: a 
^wcctonniL: a.L!CP.t such as sucrose or sacchiarin: vW" a Ma\ciriULi dLicnt >ULh a> pcpfK'i unui. 
nicth) I sahcN laic, oi" oraiiL^c llax ormu. 

In one cmbodnncnt, the actixc compounds arc prepared with carriers thai wiH 
[protect the compound against rapid cHmination Irom the bcKlv. such as a controUed 
release tt)rmulalion. mcludinLZ miphints and microencapsuhited deh\er\ s\ stems. 
i^iodegradahle. biocompatible pol\ niers can be used, such as eth\ lene \in\ l acetate. 

10 pol\ anh\ drides, poKgl\ colic acid, collagen. pol\ orthoesters. and pol\ lactic aciel. 

Methods tor preparation t>rsucli formulations will be apparent to those skilled in the art. 
I he materials can also be obtained commerciall\ from .Al/a C\HporatitMi and No\ a 
Pharmaceuticals. Inc. Liposomal suspensions (including liposomes targeted to intected 
cells w ith nuMioclonal antibodies to \ iral antigens) can also be used as pharmaceutical K 

15 acceptable carriers. I hese ma\ be prepared according to methods known to those skilled 
in the art, lor example, as described in I '.S. Patent No. 4.522.S 1 I . 

\\ Methods ot the In\ ention 

Another aspect ol the in\ entit)n pertains to methods ot\ising the \ arious human 

20 c-Mat cc^mpositions of the inv ention. bOr example, the iin ention prov ides a method ior 
detecting the presence of human e-Maf acti\ it\ in a biological sample. The method 
iinoh es ctmtacting the biological sample w ith an agent capable of detecting human c- 
Maf acti\ ity. such as human c-Maf protein or human c-Maf mRNA, such that the 
presence of human c-Maf acti\ it\ is detected in the biological sample. 

25 A preferred agent lor detecting human e-Maf mRN.A is a labeled nucleic acid 

probe capable of speei llcalK h\ bridi/ing tc^ human e-Maf mRNA. The nucleic acid 
probe can be. for example, the human e-Maf ON A of Sl-.Q ID NO: 1 (or plasmid pllu-c- 
Mal). or a portion thereof unique to human c-Maf (as compared to c-Mat^ from cnher 
species, such as chicken or mouse), such as an oligonucleiUide ol'at least 15. 30, 50. 

30 100, 200. 300, 400. 500, 600. 700, 800. 900 or 1000 nucleotides m length and suflieient 
to specificalK h> bridi/e under stringent conditions to human c-Maf mRN\A. 

A preferred agent for detecting human e-Maf prcnein is a labeled antibcxl) 
crnaMe of binding to human c-Maf protein. .Antibodies can be polyclonal, or more 
preferabU, monoclonal. An intact antibody, or a fragment thereof (e..<:. . I-ab or f lab')^) 

>5 can be used. I he term "labeled", with regard to the probe or antibod\ . is intended to 

encompass direct labeling of the probe or antibod\ b\ coupling {i.e.. physicalU linking) 
a detectable substance to the probe or amibtxl)', as well as indirect labeling of the probe 
or antibod\ b\ reacti\ it\ w ith another reagent that is directl> labeled, i^xamples of 



iiulirccl lahcliiie include detection oi a pnniai"\ antiboLlx usini! a lluorcsccntK labcL\i 
NCcondar\ antibod> and cnd-labcl nii: of a DN.A probe \\uh biotni Mich that it can be 
detected with tluorescenll\ labeled sireptax idin. The term "biological s<iniple" is 
inrcrided ti^ mchjd.e li^.^ues, ceils aaid biological thuds. !■ or example. tecliriique> 
^ detection o\ human c-Maf mRNA include Northern h\ bndi/ations and /// ,v;7// 

h\ bridi/ations. rechmques tor deteciion ot^ human c-Mal' protein include en/\ me linked 
mimunosorbent assa\ s (IddSAs). Western blots, immunoprecipilations and 
immunolluorescence. 

The iinenlion further pro\ ides methods lor identitying compounds thai modulate 
10 the acti\ it\ ot\i human c-Maf protein, f or example, the iin ention prov ides a method ior 
identif\ nig a compound that nu)dulates the actT\ it> of a human c-Maf protein, 
ctMnp rising 

prov iding an indicator composition that comprises a human c-Maf protein; 
contacting the indicator composition with a test compound: and 
15 determining the elVect of the lest compound on the acli\ it> othhe human c-Mal' 

protein in the indicator composition to therebv identil\ a compiuind that modulates the 
acli\ it} of a human c-Maf protein. 

Specific embodiments of the screening methods othhe inv ention exploit the 
abililv of c-Maf proteins to bind to DN.A {e.g., the abilil\ to bind to a Mal^ Response 
20 Idemenl (MARI-)) and/or tt^ regulate gene expression (e.g., regulate expression of a 
1 h2-associated c_\ tokine gene), bor further description of these activ ities oiMat^ 
proteins, in general, see for example PC^ I Publication W'O 39721. Kurschner and 
Morgan (1995) Mol. CVdl. Biol.. 15:246-254; Kataoka et al. ( 1993) J. Virol. 67:2133- 
2141; Kataoka et al. (1996) Oncogene 12:53-62: Kataoka et al. (1994) Mol. CVdl. Biol. 
25 14:700-712; and llo. 1-C\ ci al. (1996) ( W/ 85 :973-983; the contents of each of which 
are expresslv incorpt^raled herein by reterence. 

In a preferred embodiment of the screening assav s of the in\ ention. the indicatcM" 
c^Huposition ct>mprises an indicator cell, wherein said indicator cell comprises: (i) the a 
human c-Mat^ prt)tein and (ii) a reporter gene responsiv e to the human c-Maf protein. 
30 Preferablv . the indicator cell contains: 

i) a recombinant expression v ecttM" encoding the human c-Maf; and 

ii) a \ ector comprising regulatorv sequences (^f a I h2-associated cytokine 
gene operativelv linked a reporter gene; and 

said method ccMii prises: 
35 a) contacting the indicator cell with a test comptuind; 

b) determining the lev el c^f expression of the reporter gene in the indicator cell in 
the presence of the test compound; and 
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c) coiiipannL! the lev el of expression of the reixnler i:eiie in the nuheator eeU ni 
liie piesenee ol the lest eonipouiui \\uh [he le\el ot expression ot the reporter eene \n the 
indieator eeM ni the absetiee of tfie te^t eoni[^ound to thereb\ identit\ a eoinpouiKl that 
niodukites the at.'t]V!l\ ot hunian e-Mal. 
.■^ hi another pi'eterred embodiment, the mdiealor eonij^osition eompiises a 

pre[\iration of: ( i) a hnman e-Mat^ proteni and ( ii ) a DN A moleeule to w hieh the human 
e-\hit bmds. anel 

saui method ev)mprises: 

a) eonlaetniL: the mdieator eomposition with <i test eompound: 
10 b) determinmg the deiiree of interaelion of the human e-Maf protein and the 

l)\ A moleeule m the pivsenee ot the test eompound: and 

e) eompaniiL: the degree of interaetion of the human e-Mahand the DNA 
moleeule in the pivsenee of the test eompound w ith the degree otMnteraetion oi'the 
human e-Maf protein and tlie DNA nuileeule in tiie absenee of the test eompound to 
15 ihereb\ identifx a eompound that modulates the aeti\ it> of human e-Mat~. 

Preferablv. the DNA moleeule to whieh human e-Matd^inds eomprises a maf 
response element (MARIA- 

In another preferred embodiment, the method identities proteins that interael 
with human e-Mat^. In this embodiment. 
20 the indieator etniiposilion is an indieator eell. wiiieh indiealor eell eomprises: 

i) a reporter gene operabK linked to a iranseriptional regulator} 
sequenee: and 

ii) a first ehimerie gene whieh eneodes a ilrsl fusion protein, said first 
liision protein ineluding human e-Maf 

25 the test eompound eomprises a librar\ ot'seeond ehimerie genes, whieh librar\ 

eneodes seeond fusion proteins: 

expression of the rept^ler gene being sensitiv e to interaetions between the first 
lusion protein, the seeond fusion protein and the transeriptional regulator} sequenee: and 
w herein the effeet of the test eompound on human e-Maf in the indieator 
M) eomposition is determined by determining the lev el of expression tif the reporter gene in 
the indieator eell to therebv identifv a test eompound eomprising a protein that interaets 
with human c-\hif. 

In a preferred embodiment, the library of seeond ehir^er e genes is prepared tVom eDNA 
librarv from \ h2 eel Is. 

35 hi a preferred embodiment otAhe serLjning assav s of the invention, onee a test 

eompound is identilled as modulating the aetiv itv of human e-Maf the effeet of the test 
eompound on an immune response is then tested. Aeeordingly, the sereening methcKis 
ot the inv ention ean liirther eomprise determining the elTeet tdAhe eompound on an 
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ininuinc response to tlicrcby idcnlity a compound thai niO(.lulatcs an iinnninc response. 
In one enibodnnent. the elleet of the eonipound on an niiinune response is Lleterninied 
l\\ delernnnnie the et teet of the eonipound on expression ot a I h2-asst)eialed e\ tokine 
L'ene. ^ueh a.^ an n^terleukni-4 Liene. As used h.erem. the terni " I h2-a>>v)eiaied cxtokine" 
is nitended to reter to a e\tokine that is produced preterenlia!t> or e\elusi\el\ h\ rh2 
eehs rather than by 1 hi eelLs. l-\aniples ot I h2 -associated cMokines mchide 11, -4, 11 
II .-() and 1 L- Lv In another enihodinienl. the ei tect oi the compound of interest on an 
uunume response is deterndned h\ deternuning the effect of the compound on 
de\ elopnient ot I helper t\ pe I ( 1 h 1 ) or I helper l> pe 2 ( I h2 ) cells. 

RectMiihmanl expression \ eclors that can be used for expression of human c-\hit^ 
ui the mdieator cell are known in the art (see discussions above). In one embodiment, 
wilhm the expression \ectv)r the human c-Maf-coding sequences are operati\el\ linked 
to regulat(MA sequences that allow tor constituti\ e expression of human c-Maf in the 
indicator cell (c c^, \ iral regulattM\ sequences, such as a c> tomegalo\'irus 
promoter enhancer, can be used). I se of a rect)mbinant expression \ ector that allow s 
lor conslituti\ e expression of human c-Maf in the indicates cell is prelerred for 
identification of compounds thai enhance or inhibit the activ ity of human c-Mal\ In an 
alternatixe embodiment, within the expression \ ector the human c-Maf-coding 
sequences are operati\ el\ linked to regulator) sequences of the endogenous human c- 
Mat^gene {i.e.. the promoter regulator} regit^i derived irom the endogenous human c- 
Maf gene). Use of a recombinant expression vector in which human c-Maf expression is 
controlled b\ the endogenous regulator)' sequences is preferred tor identification ol' 
compounds that enhance or inhibit the transcriptional expression of human c-Maf. 

In methods in which a rh2-associated cv lokine gene is utilized (e.g.. as a 
reporter gene), preferabl) , the rh2-associaled c\ tokine is interleukin-4. It has 
prev iously shown that rh2-speciric. inducible IL-4 expression can be directed by as little 
as 157 bp of the privximal IL-4 promoter in fh2 cells (Hodge, M. cf al. ( U)*')^)./. 
Ininiunol 1 54 :6_V>7-64()5 ). Accordinglv , in one embodiment, a method of the in\ ention 
tilili/es a reporter gene construct containing this regicMi of the prt^ximal lL-4 promoter, 
most preterably nucleotides -157 to ^58 (relative to the start site of transcription al H ) 
o[ the IL-4 prcMnoter. Alternativ el\ . stronger reporter gene expressitin can be achieved 
using a longer portion of the IL-4 upstream regulatorv region, such as about 3 kb 
upstream regulatory sc u) -nces. Suitable reporter gene ccMislructs are described in Todd. 
M. ct al. (1993)./. Exp. Med. 177:1663-1674. See also PC^ f Publication WX) 97/39721. 

A varielv of reporter genes are kncnvn in the art and are suitable lor use in the 
screening assa\ s of the inv entiiMi. l Aamples of suitable reporter genes include those 
which encode chloramphenicol acetv Itransferase, beta-galactosidase, alkaline 



[Miosphatasc or Uicilci-asc. Standard inclhodN tor incaMirinLi the acli\it\ of' these iicwc 
pfodiicts arc known ni tlic art. 

A \ arict> ot cell t\ [X's arc stntabic lor use as an nidicator cell \n the scrcenniLi 
iNs;i\ Preter:ibl} a ce!! line is used, wlvicli does w^m r,ornial!> c\[M-es> human L-Mai'. sLicli 
as a 1^ cell ic , the M 12 1\ mphonia cell hne) or a I hi celt clone (c .i;.. Ah? cells). 
Nonl\ inphoid cell hues can also be tiscti as mdicator cells, snch as the I lep( 12 hepatoma 
cell line, ^'east cells also can be used as mdicator cells. 

In one embodiment, the le\el of expression ofthe reporter gene in the indicator 
cell in the presence ofthe lest compound is higher than the le\ei of expression ofthe 
reporter gene m the indicator cell in the absence ot^the lest compound and the test 
compound is identified as a compound that stimulates the expression or acti\ il\ of 
human c-\laf. In another embodiment, the le\ cl of expression ol the reporter gene m the 
indicator cell in the presence ofthe test compound is lower than the le\el of expression 
o{ the reporter gene in the indicator cell in the absence ofthe test compound and the lest 
compound is identified as a compotmd that inhibits the expression or acli\ it\ of human 
c-Maf. 

.Alternative to the use ol'a reporter gene construct, compounds that modulate the 
expression or aeti\ it\ of human c-Maf can be identified b\ using other "read-outs." 1 or 
example, an indicator cell can be transiected with a human c-Mat\^xpressic^n \ ector. 
incubated in the presence and in the absence of a test compound, and I h2-associated 
c>tc^kine production can be assessed b> detecting c>tokine mRN.A (e..i;., IL-4 mRNA) m 
the indicatc^r cell or c\lokine secretion (i.e., IL-4 secretion) into the culture supernatant. 
Standard methods for detecting e\ tokine mRNA. such as ixwerse transcription- 
poKmerase chain reactitMi (R I -PCd<) are known in the art. Standard methods for 
detecting cMokine protein in culture supernatants, such as en/\me linked 
immunosorbent assa\ s (bddSA) are also known in the art. 

As described abcn e. the in\ entitMi pro\ ides a screening assa> tor identitving 
proteins {ca^ , proteins in 1 h2 cells) that interact with human c-Maf. fhese assax s can 
be designed based on the tw()-h\ brid assa\ s\ stem (also relened to as an inteiaclion trap 
assa\ ) known in the art (see c.i^., f ield I'.S. Patent N(\ 5.283.173: /er\os a al. ( 1093) 
( V// 72:223-232: Madura ct al (1W3)./. Biol. Chcm. 268:12046-12054: Bartel c/ al 
(19^3) Bioteclmiijiics ]A:'^)2{)'^)2'\\ and Iwabuchi a al. (1*^)03) Onca^^^ow 8:1693-1696). 
I he twtvhybrid assa> is generally used for identiiying proteins that interact with a 
particular target protein, fhe assay employs gene fusions to identity proteins capable of 
interacting to rect)nstitute a tiinctional transcriptional acti\ atc^r. I he transcriptional 
acti\ator consists ol a I)\A-bindii^g domain and a transcriptitMial activation domain, 
wherein both domains are required t(^ acli\ate transcription of genes downstream iVom a 
target .sequence (such as an upstream activator sequence (TAS) \or (iAL4). DNA 
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>L\jLicnccs cneodinii a Uii'L^ct "l^ait" proicin arc fused to LMthcr ofthcNC doinainN and a 
lihiaiN o{ ncliuciiccs is (usl\1 to the otliLM" domain . "I ish" fusion protcnis 

(Licncralcd troni the tusion hbr"ar\ } capable ot bmduiL: to the tarL^ct-lusion protcni ( c . a 
iai'Liet uAL4-Iusion "ban') wdl I'cneraiK bfuiL! th.e two d.oma.ms ( I )NA birxiiii^ ^IcMriaiii 
and transcriptional activation ^ioinain) into close enouL-h pro\nnit\ to activate the 
transcri lotion ot a reporter iicne inserted downstream from the target sequence. 1 hus. the 
"tish" proteins can be idenidled b\ their abilitv to reconstilule a lunclional 
transeripiional activator ic i^.. a tlinctional CiAb4 transactiv ator ). 

This general twodiv bnd s>stem can be apphed to the identification ot~ proteins m 

10 cells (e.u.. rh2 cells) that interact with human c-Mafbx construction of a taru.et human 
c-Maldusion protein {c.i^.. a human c-Mat (i.\I,4 binding domaii:! iusion as the "bait") 
and a cl )N A librarv of "t'lsiV ftisi on proteins [c.i; . a cl )N.\ C i.M .4 activ ation domain 
Hbrarv ). wherein the cI)N/\ librarv is prepared from mRNA ot a cell tv pe of interest 
(e.g.. I h2 cells), and introducing these constructs into a host cell that also contains a 

1 > reporter gene construct linked to a regulator) sequence responsive to human c-\laf (t' , 
a M.ARb scLiuence. lor example a region ot the II. -4 promoter, as eliscussed above). 
cDN.Vs enciKling proteins that interact with human c-Mat can he idenlilled based upon 
transactiv ation of the reporter gene construct. 

Alternativ el\ , a "single-hybrid" assav . such as that described in Siewcke, M.I I. cl 

20 t// ( 1^)*^)6) ( S5:49-6(). can be used to identify proteins that interact with human c- 
Maf. This assav is a moditlcalion ot the tvvo-hv brid sv stem discussed above. In this 
sv stem, the "bait" is a IranscripticMi factor iVom w hich the transactiv atit)n domain has 
been remov ed (e.^ - human c-Maf from w hich the amino-terminal transactiv ation 
domain has been removed) and the "tlsh" is a non-tiision cD\/\ librar> {Ci^., a cDN'A 

25 librarv prepared trom rh2 cells). These constructs are introduced into host cells {ca^ , 
>east cells) that also contains a reporter gene construct linked to a regulatory sequence 
responsiv e to human c-Maf (c,,L,^ , a MAF^l- sequence, for example a region of the lb-4 
promoter, responsive to human c-Maf). cl)N.\s encoding proteins that interact with 
human c-MatA\in be identified based upon transactiv ation of the reporter gene construct. 

30 As described abov e, the inv ention prov ides a screening assay lor identitv ing 

compounds that mcKiulate the interaction otduiman c-Maf and a MAR1\ (e.g., a MAKl: 
in an lL-4 gene regulatory regitm). Assays are known in the art that detect the 
interaction of a DNA binding protein with a target ON A sequence [ci^., d ophoretic 
mobilitv shitt assav s, DNAse I footprinting assays and the like). By pertbrming such 

3.^ assa\ s in the presence and absence ol lest compounds, these assav s can be used to 

idenlily ct>mpounds that modulate {c.i^., inhibit or enhance) the interacticMi of the DNA 
binding protein with its target DNA sequence. 
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In one cnihoilniicni, [he amount ofbindnm ofhunum c-Mat to the DN.A 
traiinicnl ni the presence of the test eonipoinKl is Lireater than the aniounl ol biiuling ol 
hunuin e-Mal to the l)N/\ tragnient in the absence ot the test eonip(UHKh \n which case 
\h.c le^l coinpoiMKl is aiei^til"ied as a eonipounJ that enhance.^ hiiKlinu vil iuiinan c-\lai. 
.■^ hi another enibodnnent. the anunint ot'bindinL: (^tduanan c-Mat'to the I)N.\ traLinient m 
tlie presence ot the test compound is less than tlie amount otM^mdine of human c-Mal to 
the [ )NA tragment in the absence of the test compound, in w hich case the test compound 
IS identified as a compound that inhibits bindiuL: otdniman c-NhiT. 

\'et another aspect of the in\ enlion pertains to methods of moduhumg human c- 

10 Mat acti\ it\ in a cell. The modulatory methods oi^the in\ention iiuoKe contacting the 
cell with an agent that modulates human c-Mat acti\it\ such that human c-Maf acti\ it\ 
in tiie cell is modulated. The agent ma> act b\ modulating the acti\ it> oidiuman c-Maf 
protein in the cell or b\ modulating transcription of the human c-Maf gene or translatum 
of the human c-Maf mRNA. .As used herein, the term "modulating" is intended to 

1 > include inhibiting or decreasing human c-Maf acti\ it> and stimulating or increasing 
human c-Maf acti\ it> . /\ecordingl\ . in one embodiment, the agent inhibits human c- 
Maf acti\ it\ . In another embodiment, the agent stimulates human c-Maf acti\ it> . 

A. Inhihiiory Ai^cn/.s 

20 

According to a modulator} method oi'thc invention, human c-Maf activ ity is 
inhibited in a cell by contacting the cell with an inhibitor) agent. Inhibitor) agents of 
the in\ ention can be. for example, intracellular binding molecules that act to inhibit the 
expression or acti\ ity ot^ human c-Maf. As used herein, the term "inti-acellular binding 

25 molecule" is intended to include molecules that act intracellularl\ to inhibit the 

expression t^r acti\it> of a protein b\ binding to the protein itself, to a nucleic acid {ca^ , 
an ml^NA molecule) that encodes the prcUein or to a target with which the protein 
normalK interacts {ca: , to a DNA target sequence to which c-Maf binds), l-xamples of 
intracellular binding molecules, described in further detail beUnv, include antisense 

>() human e-Maf nucleic acid molecules {c.i: , to inhibit translation of human c-Maf 

mRNA). intracellular anti-human c-Mat antibodies {ca^., to inhibit the aetivit\' ot human 
c-Maf protein) and dominant negativ e mutants c^f the human c-Maf protein. 

\n one embodiment, an inhibitor) ag mV of the inv ention is an antisense nucleic 
acid molecule that is coniplemcntar)' to a gene encoding human c-Maf or to a portion of 

3> said gene, or a recombinant expression vector encoding said antisense nucleic acid 
molecule. The use of antisense nucleic acids to dcnvnregulate the expression of a 
particular protein in a cell is well known in the art (see e .i:.. W'eintraub. 11. cf a/.. 
.Antisense RNA as a molecular tool for uenetic anal v sis. Review s - Ircuds in (icnciic.s. 



\'o\. 1(1) h)Nf>; Askan. l-.R. and McDonncIL W.M. ( 1^^;()) A /-ji^^ J MaL .V>4:31(i- 

1<S: IkMinctl, M.R. and Schwari/. S.M, ( ) ( 'ircuUuu^n ^: l^Sl-l^wV Mcivola. 1). 
and (\>hcn. J.S. ( \ ( \uiccr dene T/wr 2:47-39; Rossi. J. J. ( 1^05) Br Ma/ Bull 
:J '1 Wayncr. R.W . ( 1 ^^M ) Wilure - > An anti^cnsc nucleic acid 

niolccLilc comprises a nucleotide seciuence that is Ci>niplemenlar\ lo the cvkIiiil' straiui of 
another niiclcic acid molecule [ca; , an mRN.A seciuence) cUkI aecordmgU is capable o\ 
hvdrogen bondiiiLi to the coding strand of the other nucleic acid molecule. .Anlisense 
sequences complementar\' to a sequence of an mRN.A can be compIementar\ lo a 
sequence found in the codinii region of the mRNA. the 5' or 3' untranslated remon of the 
mRN.A or a region bridging the coding region and an untranslated region (c'. . at the 
junction ot the ^' untranslated region and the coding region). I urlhermore. an antisense 
nucleic acid can be complementar\ in seciuence to a regulator) regic>n ot^the gene 
encoding the mRNA, for instance a transcription initiation sequence or regulatory 
element. Preterabl\ . an antisense nucleic acid is designed so as to be complemeniar\ to 
a region preceding or spanning the initiation codon on the coding strand or in the 3' 
untranslated region ol an mRN.A. An antisense nucleic acid for inhibiting liie expression 
ot human c-Mal protein in a cell can be designed based upon the nucleotide sequence 
encoding the human c-Maf protein {cy,., SVX ) II) NO: 1 and plasmid pIlu-c-MaD. 
ccMistrucled according lo the rules of Watson and CYick base pairing. 

An antisense nucleic acid can exist in a \ ariet> of different forms. I "or example, 
the antisense nucleic acid can be an oligonucleotide that is compIementar\ to onl\ a 
portion ot a human c-Maf gene. An antisense oligonucleotides can be constructed usinu 
chemical s\ nthesis procedures kncnvn in the art. An antisense oligonucleotide can be 
chemicalh s\ nthesi/ed using naturally occurring nucleotides or \ ariouslv modified 
nucleotides designed lo increase the biological stabililx of the molecules or to increase 
the physical stability of the duplex formed belueen the antisense and sense nucleic 
acids, ca: phosph(M\nhioate deri\ ati\ es and acridine substituted nucleotides can be used, 
lo inhibit human c-\lat\\xpression in cells in culture, oi^^ or mc^re antisense 
oligonucleotides can be added to cells in culture media, t\picall\ at about 200 f.ig 
oligonuclecnide ml. 

Alternalix el> . an antisense nucleic acid can be produced biologically using an 
expression yector into which a nucleic acid has been subcloned in an antisense 
orientation (/ e. nucleic acid transcribed from the inserted nucleic acid will he oi^in 
antisense orientatitm to a target nucleic acid of interest). Regulatory sequences 
operati\el\ linked to a nucleic acid cloned in the antisense cM-ientation can be chosen 
w hich direct the expression ol^the antisense RNA molecule in a cell of interest, [or 
instance promoters and t)r enhancers or other regulatcMA sequences can be chosen which 
direct constituti\ e. tissue specific or inducible expression of antisense RNA. bor 



cxaiiijMc, lor iiidiiciblc expression ot antiscnsc an nuliicibic cukarxolic rcuLilator\ 

N\ Nlcni. Mich as ihc 1 ct s\ slcni (c - as described in ( lossen. M. and Ikiiard, I !. ( 1 ) 
Proc. Will AcLui Sci I SA S^: SS47->>5 1 : (iivssen. M, cl cil ( Scioicc 2hX 1 7(^6- 

1 ^h'). \\ \ rubliealion No. WO 2^)44:: and W 1 Publiealioii No. WO 96 0 1 M ^ ) ean 
be used. I he antisense expression \eetor is prepared as described abo\e lor recombinanl 
expression \ eetors. except thai the cDNA (or portion thereof) is cloned into the \ ector in 
the antisense orientation. The antisense expression \ ector can be ni the lorni ot, lor 
example, a recombinant plasniid. phaLiemid or attenuated \ irus. The antisense 
expression \ector is introduced into cells using a standard transfeetion technique, as 

U) ^lescribe(.l abo\e lor rect>nibinant expression \ eetors. 

In another embodiment, an antisense nucleic acid lor use as an inhibitor) agent is a 
ribii/\ me. Ribo/.> nics are catalytic RNA molecules with ribonuclease acti\ ity which are 
capable oTcleav ing a single-stranded nucleic acid, such as an mRNA. to which the> ha\e a 
complenKMitar\ region (tor re\ iews on ribo/\nies see cai^ Ohkawa, J. c! nl { 19^5) ./ 

K-^ Biochc)}}. ilS:25 1-258: Sigurdsson, S.T. and bx'kstein, V . ( l^^s) I rends lUoiccluiol 

Ls:2S6-2S9; Rossi. J. J. (1^95) Trcfuls Bioicchnol. 13:301-306; Kiehntopf, M. ct al. (1995) 
./ Mol. Med. 73:65-71 ). /V ribo/xme ha\ing speeitlcit\ for hunian c-Maf mRNA can be 
designed based upon the nucleotide sequence of the human c-MalAd)NA. Vox example, a 
deri\ ati\ e of a Tcfrciln nicna 1,-19 IVS RN.A can be constructed in w hich the base sequence 

20 of the active site is eomplementar\ to the base sequence to be cleav ed in a human c-Mal^ 
mRNA. See for example I '.S. Patent Nos. 4,987.071 and 5.1 16.742, both by Ccch c( al. 
Alternati\el\ , human c-Maf mRNA can be used to select a catalytic RNA hax ing a specillc 
ribonuclease acti\ it> from a pool of RNA molecules. See for example [Cartel. 1). and 
S/ostak, JAW (1993) .SV/V/?cr 261: 1411-1418. 

25 Another type of inhibitor} agent thai can be used to inhibit the expression and 'or 

acti\ it> of human c-Maf in a cell is an intracellular antibod\ specific tor the human c-Maf 
prt>tein. I he use of intracellular antihtKiies to inhibit protein function in a cell is kntn\n in 
the art (see e..t:., Oarlson. .1. R. (1988) Mol. ( V//. Biol. 8:2638-2646: Biocca. S. ct al. (1990) 
EMBOJ. 9:101-108: Werge. I .M. ct ai (1990) BEBS Letters 274:193-198: C^irlson. .l.R. 

30 (1993) Proc. Sati Acad. Sci. I SA 90:7427-7428; Marasco. W.A. ct ai (1993) Proc. \atl 
Acad. Sci. I 'SA 90:7889-7893: Biocca, S. ct al. (1994) Bio Tcchnoloi^ry 12:396-399: Ohen, 
S->\ et al (1994) Human iicnc Therapy 5:595-601 : Duan. b ct al (1994) Proc. \atl Acad. 
Set. I SA 91:5075-5079: Cdien. S-Y. ct ai (1994) Proc. \ati Acad. Sci. I SA 91:5932- 
5936; Beerli, R.R. e/ ai (1994)./. Biol. ( 7/e/;;. 269:2393 1 -23936: Beerli. R.R. e/ al. (1994) 

35 Biochem. Biophys. Rc.s. ( \mimun. 204:666-672; Mhashilkar, A.M. et ai (1995) EMBOJ. 
14:1^42-1551: Richardson, .1.1 1. ^7 a/ (1995)/Voc'. \ati Acad. Set. I'SA 92:3137-3141: 
PC Y Publication No. W'O 94 02610 b\ Marasco et ai: and i^O f Publication No. WO 
95 03832 by Duan et ai). 



lo inhibil prolciii cicU\ it\ umiiu an inU .iccl lular aiiliboLlv , a rccoinl^i naiU 
cxpicsMon is prepared \\hich LMicodcs ihc annhod\ cliains \n a form Mich thai, 

upon introduction ot'tlic \ cctor into a cell, tl ic anlibocK chanis arc cxprcssct.! as a 
tuivc! ioi^.aJ ant:bod\ ir. an intraccliLiuii Loinpai lincni ol'iiic ccii. i or niiiibition ol luiinan 
c-Mat acti\ ily accordniii lo the nihibitor\ methods ot lhc nn ention, an inlraeelluhir 
anlibod) that spcciticalK binds the human c-XhiT protein is exj^rcssed in the cMophism 
ot tlie cell. 1 o prepare an intraeelluhir antibodx expression \ ectt>r. antibod\ huht and 
heaw chain cDNAs encoding antib(Kl\ chains specific lor the target protein of interest. 
l'a: , human c-Maf. are isolated, t\ picall\ Irom a h\bridoma tliat secretes a monoclcMial 
antibod) specific tor the human c-Maf protein. 1 1\ bridomas secreting ami- human c- 
Mal monoclonal antibodies, or recombinant anli-human c-Maf mont^donal antibodies, 
can be prepared as described abo\e. Once a monoclonal anlibod\ specific tor human c- 
Mal protein has been identitled ic.i^., either a h\ bridoma-deri\ ed moniKdonal aniibod\ 
or a recombinant antibod\ from a combinatorial librar\ ). l)\As encoding the light and 
heaw chains of tlie monoclonal antibod\ are isolated b\ standard molecular biolog\ 
techniques, l or In bridoma deriv ed antibodies, light and hea\ > chain cDNAs can he 
obtained, for example. b\- PCR amplification or cDNA librar\ screening, f or 
recombinant antibodies, such as from a phage displax librar\ . cDNA encoding the lieht 
and heav\ chains can be recovered from the displav package ici^., phage) isolated 
during the librar\ screening process. Nucleotide sequences of antibod\ light and hea\ \ 
chain genes from which PCR printers or cDNA library probes can be prepared are 
known in the art. for example, many such sequences are disclosed in Kabat, I- .A., a ai 
{ 19*^)1 ) Sequences of Proteins of Inuuunolo^^ical Inlerest, hiftli lu/ilion. T.S. Department 
of Health and Human Ser\'ices, NIH Publication No. 91-3242 and in the "Vbase" human 
germ line sequence database. 

Once obtained, the antibod\ light and hea\\ chain sequences are cloned into a 
recombinant expression \ ector using standard methods. \ o allow for c\ toplasmic 
expression of the light and hea\ > chains, the nucleotide sequences encoding the 
h\ drophobic leaders of the light and hea\ \ chains are rcmtn ed. An intracellular 
antibody expressicMi \ ector can encode an intracellular antibody in one ol' several 
ditterent lorms. f or example, in one embodiment, the \ector encodes lull-length 
antibody light and heavy chains such that a full-length antibodx is expressed 
intracellularh . In another embodiment, the \ ector encodes a full gth light chain hut 
onl\ the VH Cd 1 1 region of the hea\y chain such that a fab fragment is expressed 
intracellularly. In the most preferred embodiment, the \eclor encodes a single chain 
antibod) (scf \ ) wherein the \ariable regions of the light and hea\\' chains are linked bv 
a llexible peptide linker (e x.. (Clly4Ser)3) and expressed as a single chain nn^leeule. fo 
inhibit human c-Mat\icti\ ily in a cell, the expression \ eelor enctnling the anti-human c- 
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Mai nilraccllular anlibod) is introLluccd into the cell b> standard transtcction methods, 
as discussed here in be tore. 

^'el another torni ot\in in[iibitor\ anient of the iinention is an inhibitor\ torni of 
liunKin eAlal, a!:-o referred to l^erein as a don^mant neL:ati \ e inhibitois I he inaf tainilv 
.■^ offM-oiems are known lo honuKiimeri/e and to heterodiineri/e with other AP-\ lainiK 
members, sueh as I os and Jiin (see c y: . Kerppohi, \ K. and Cdnran. \ . ( 1^)^)4) ( )nc(>i:i'nc 
*^:(w5-6S4; Kalaoka. K. e/ i//. { \')')4) M(}/ Cell. lUol. 14:7()()-7 1 2 ). One means to inhibit 
the aeti\ it\ ol transeription factors that form dimers is through llie use of a dominant 
neuati\e inhibitor that has the abiht\ to dmien/e with functional transcription fLictt>rs but 

10 that kicks the abilit\ to acti\ate transcriptuui (see c Pelrak. 1). cl al. ( 1^)94) ./ 

Inmnuu}/. 1 >,v 204()-2()5 I ). lU dimeri/iny \\ itli functional transcription factors, sueh 
dominant negatix e inhibitors can inhibit their tunctional acli\ it\ . This process ma\ 
(K'cur natural l> as a means to regulate geiK^ expression, bor example, there are a number 
ol "small" mat proteins, such as niafK. nu//I-\ nuijd and /)IS, which lack the ammo 

\? terminal two thirds of c-Maf that contains the transactixating domain (1 ujiwara. K. 1 . (7 
uI { I'N?) n;Kv><,v//e S:2371-23cS(): Igarashi. K. cf u/. {\W5)J. niol. C/jcm. 270:7615- 
7624: Andrews. N.C\ ci til. (1^)93) Proc. \a(l. Aaul. Sci. I SA 90:1 14K<S-1 1492: 
Kataoka, K. e/ a/ (1995) Cell. /i/VV. 15 :2 1 80-2 1 90 ). Homodmiers of the small maf 
proteins act as negati\e regulators of transcription (Igarashi. K. c( al. ( 1994) Wiiurc 

20 367:568-572) and three of the small maf proteins (MatK, MalT and MafCi) ha\e been 
shown to competitix ely inhibit transacti\ ation mediated b> the \ -Mai\incoprotein 
(Kataoka. K. c{ al. ( 1996) Oncoi^cnc 12:53-62). Additionally. MalB has been identified 
as an interaction partner of bds- 1 and shown to inhibit lis- 1 -mediated transacti\ ation of 
the transferrin receptor and to inhibit er\ thrcMd dilTerentiaticMi (Sieweke. M.H. a al. 

25 (1996) CV// 85:49-60). 

According!} , an inhibitor) agent otlhe in\ enti(Mi can be a form of a human c- 
Maf protein that has the ahilit\ to dimeri/e with other prcneins but that lacks the abilit\ 
to activ ate transcription. 1 his dominant negati\ e form of a human c-Maf protein ma\ 
be. lor example, a mutated form of human c-Maf in which the transacti\ ation domain 

30 has been remo\ ed. Such dominant negati\e human e-Maf proteins can be expressed in 
cells using a recombinant expression x ectcM- encoding the human c-Maf protein, w hich is 
introduced into the cell by standard Iransfection methods. 1 o express a mutant tt^rm of 
human c-Maf lacking a transacti\ -"Moji domain, nucleotide sequences encoding the 
annuo terminal transacti\ ation dt^iiain olMuiman c-Maf are remcn ed from the c-niaf 

35 coding sequences b\ standard recombinant PNA techniques. Preferabh , at least amino 
acids 1-122 are removed. Wore preferabU . at least amino acids 1-187. or amino acids 1- 
2:^7. are remo\ed. XuclecUide sequences encoding the basie-leucine zipper regic^i are 
maintained. I he truncated DNA is inserted into a recombinant expression \ ector. which 



is then inlroJuccd into a cell to allow lor expression of the triineated hunuin e-Maf, 
laekuiL! a transaeti \ ation (.iotiiaiii, in tlie cell. 

( )ther nihibitor\ agents that can be used to inhibit the acti\ it\ oi a luinian c-Maf 
[Motein are clieniica! comptniiuis ilial direetl> inhibit human c-Mat\n.ti\ it\ ot uihibit the 
.■^ niteraelion between luinian c-Mat~and larLiet 1)\A or another protein. Such compounds 
can be idenlitled usinii screening assa\s tliat selecl tor such conipotinds. as described m 
detail aboNc. 

10 

-According lo a modulatorv method of the inv ention, human c-\laf acii\ it\ is 
stimtilated m a cell b\ contacting the cell w ith a stimulator) agent, bxamples of such 
stimulator) agents include acti\e human c-Mat' protein and nucleic acid molecules 
encoding Iiuman c-Mat'that aiv introduced into the cell to increase human c-Maf acti\ ii\ 

1^ in the cell. /\ preferred stmuilatory agent is a nucleic acid nn)lecule encoding a human 
c-\lal protein, wherein the nucleic acid molecule is introduced inti> the cell in a torm 
suitable for expression of the acti\ e human c-Maf protein in the cell, l o express a 
human c-Maf protein in a cell. t\ picall> a human c-Maf-encoding I)NA is first 
introduced into a recombinant expression \ector using standard molecular biolog\ 

20 techniques, as described herein. A human c-Maf-encoding DNA can be obtained, tor 
example, from plasmid pi lu-c-Maf or h> amplillcation using the polymerase chain 
reaction using primers based on the human c-Maf nucleotide sequence, 

following isolation or amplitlcation of human c-Maf-encoding DNA, the DNA 
iVagment is introduced into an expression vector and transfected mlo target cells b\ 

25 standard methods, as described herein. 

Other stimulator) agents that can be used to stimulate the acti\ it) of a human c- 
Mat^ protein are chemical compounds that stimulate human c-Maf activ ity in cells, such 
as compounds that directl> stimulate human c-Maf protein and compounds that prt)mote 
the interacticMi between human c-Maf and target DNA or other proteins. Such 

30 compounds can be identified using screening assa) s that select tor such compounds, as 
described in detail abo\e. 

I he mcxiulatory methods of the imention can be pertormed in vitro (c.i^., by 
cub ur'ng the cell with the agent or by introducing the agent into cells in culture) o\\ 
alternatively, in vivo (c.i^., by administering the agent to a subject or by introducing the 

3^ agent into cells ot\i subject, such as h) gene therapy). 1-or practicing the modulator\ 

method /// vitro, cells can he obtained from a subject h)' standard methods and incubated 
{I.e., cultured) /// vifro with a modulatory agent of the invention to modulate human c- 
Mat\icti\ it) in the cells. I- or example, peripheral blood mcMKMUiclear cells (PBMCN) 
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can be oblctmcd troin a Mihjcct dnd isolated h\ dciiMt> L^radicnt L-cnti"ilu*jatioiK e . with 
I icoll 1 1\ paquc. S[X'cdlc cell f^opulalions can he dej^leled or eiiriehed limiil: standvird 
methods, lov e\ain]Me. nu>noe>tes tiiaerophayes can he isolatet.! h\ adherxMiee on 
plastic. B cells can he eiirich.edi Tor cxaiiij^le, by pi)Mtue >eieclion usiiil: antibodies lo B 
cell surlace markers, lor example b\ mcubalmL: cells wnh a specific primar\ monoclonal 
anllhod\ (mAb). tollowed b> isolation of cells that bind the m.\b usiny magnetic beads 
coated with a secondar\ antibody that binds the primar\ m.Ab. Specific cell populations 
can also be isolated by fluorescence acti\ated cell seirtinu according to standard! 
methods. It desired, cells treated in vino with a modulator) agent of the iiwention can 

10 be readministered to the subject, l or Lidministration to a subject, it ma\ be preterable tv) 
tirst remo\e residual agents in the culture trom the cells before administering them to 
the subject. This can be done for example b\ a l icoll I l> paque gradient centritugation 
ol the cells, h'or i\irther discussion oW'x vivo genetic moditlcaticMi ofcells followed b\ 
rCcRlministralion to a subject, see also I '.S. Patent No. 5,."i9^).346 by \\ .1 . Anderson cf 

1 5 u/. 

l or practicing the modulator) method in vivo in a subject, the modulator) agent 
can he administered to the subject such that human c-Mat activ it) in cells of the subject 
is modulated. The term "subject" is intended to include living organisms in which an 
immune response can he elicited. Preferred subjects are mammals. [Examples of 

20 subjects include humans, monke) s. dogs, cats, mice, rats, cows, horses, goats and sheep. 

f or stimulatory t)r inhibitt^r) agents that comprise nucleic acids (including 
recombinant expression \ ectors encoding human c-Maf protein, antisense RNA. 
intracellular antibodies or dominant negativ e inhibitors), the agents can be introduced 
into cells of the subject using methods know n in the art lor intnulucing nucleic acid 

25 {CA^., DNA) into cells //; vivo. l:xamples of such methods encompass both non-\ iral and 
\ iral methods, including; 

Dirccf Ifijccdon: Naked I)N.*\ can be introduced intt^ cells //; vivo b\ directh 
injecting the DNA into the cells (see c.y^.. Acsadi ci ul. ( U)91 ) Xalurc 332:S15-K1 S: 
W'oHTe/ al. ( 1900) Science 247 : 1465-1408). I-or example, a deliver) apparatus (e.,i: . a 

30 "gene gun") for injecting DNA into cells /// vivo can be used. Such an apparatus is 
commerciall) available {e.ii.. from BioRad). 

( \iti()}ue Lipids: Naked DNA can he introduced into cells /// vivo by complexing 
the DNA with cationic lipids or encapsulating the DNA in cationic liposcMiies. 
I-.xamples of suitable cationic lipid formulations include N-|-l-(2,3- 

35 dioleoyloxy)propyl|N,N,N-triethylammonium chloride (DO I MA) and a 1 :l molar ratio 
of 1 .2-dimyristylo\y-prop) 1-3-dimeth) }h) drox) eth) lammonium bromide (DMi^lb.) and 
dioletnl phtisphatid) lethanolamine (DOPI.) (see e.\^.. ft^gan, J.,1. el ul . ( 1005) iioie 
Iherapv 2:3^-49: San, W. ef al. (1003) Human dene Iherapv 4:781-78S). 
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RLLcpior-McJuiiL'tl n\. \ I pfcikc. Naked 1)N.\ can also he intro^luccLl cells 
/// vivi) b\ complcxiiiL: the DN'.A \o a eatioiK Mieh as pol\ Ivsine, whieh is eou[^led lo a 
liL^aikl lor a eell-surlaee reeeplorisee tor example W'u. (i. and W'u. (Ml. ( 1*'>SS),/ Biol 
y'liuii 2().v 1 AhZ 1 . \\'iLsv>n c7 ill. {\^)^)Z)j luoi ('hc/u. 2o7:vtv^i-^)()7: and I .S. i*aieni No. 
."^ . Wi(), "OO ), BindinL! ot^the ! )N/\-liL:anLl complex lo the receptor lacilitales uptake of the 
1)N\\ h\ receptor-mediated endocxtosis. A DNA-ligand complex linked to adeno\ irus 
CLipsids which natLirall\ disrupt endosomes. thereb\ releasing material mto the 
c\ toplasm can he used to a\ oid degradation of the complex b\ mtracelluUu' Ix sosomes 
(see lor example C\iriel ci nl. ( 1 I ) Proc SlkI Aaul. Scl I 'SA S8:885(); C/ristiano ci nl 

10 [ Proc. Sud Accul. Sci I SA W:2 1 22-2 1 2() ). 

Rcfrovirnscs: Delectixe retro\ iruses are well characteri/ed for use in gene 
transfer for gene therap\ purposes (for a re\ iew see Miller, Ad). ( 19<^)()) BIoolI 1(^:21 \ ). 
\ recombinant retro\ irus can be constructed ha\ ing a nucleotieie sequences ot interest 
incor[^orated mto the retro\ iral genome. Additionally. poi luMis of the retrt>\ iral genome 

1^ can be remo\ ed to render the retrtn irus replication defecti\e. The replication defecti\ e 
retro\ irus is then packaged into \ irions which can be used to intect a target cell through 
the use of a helper \ irus h> standard techniques. Protocols for producing recombinant 
retro\ iruses and for infecting cells //; vitro or in vivo with such \ iruscs can be found in 
C tirrent Protocols ii^ Molecular Biolog\ . AusubeL P.M. cf ai (eds.) (ireene l^iblishing 

2{) Associates, ( I'^^S'^)), Sectii)ns 9.10-9.14 and other standard laboratory manuals. 

P.xaniples of suitable retrov iruses include pPJ. p/IP, pW'l: and pPAl which are well 
kntnvn to those skilled in the art. P'xaniples of suitable packaging \ irus lines include \\f 
Oip. \|/C're. \|/2 and \|/Am. !^etro\ iruses ha\e been used to intrcniuce a \ ariet\ i>f genes 
into man\ different cell types, including epithelial cells, endothelial cells. lymphoc\tes. 

2? myoblasts, hepatoc\ tes. bone marrow cells, />? vitro and or /// vivo (see tor example 
P:glitis. ct ai (1985) Nc7cv/cv 230: 1 395- 1 398: Danos and Mulligan (1988) Proc. Will. 
Accul. Sci. I SA 85:6460-6464; Wilson cf al. (1988) Proc. Satl. Acad. Sci. I SA 85:3014- 
3018; Armentano cl al. (1990) I'roc. \atl. Acad. Scr I SA 87:6141-6145: lluber ct al. 
( 1991 ) Pr(}c. \afl. Acad. Sci. I 'SA 88:^039-8043; f eiTy ct al. ( 1991 ) Proc. Xatl. Acad. 

30 Sci. I SA 88:8377-8381; Cdiowdhury ct al. ( 1991 ) Science 254:1802-1805; van 

IkHisechem ct al. (1992) Proc. Xatl. Acad. Sci. ( SA 89:7640-7644; Kay cl al. (1992) 
Human (icnc Phcrapy 3:641-647: Dai ct al. (1992) Proc. Xatl. Acad. Sci. I X I 
89:10892-10895: llwu ct al. (1993)./. hwnimol. 150:4 M).* -4 11 5; U.S. Patent No. 
4.868.1 16; U.S. Patent No. 4.980,286; ?C\ Application W'O 89 07136: I^Cd' 

U^ Application W'O 89 02468; PC^'I" AppHcaticMi WO 89^05345: and VC\ Application WO 
92 07573). Retrov iral \ ectors require target cell div ision in order lor the retrov iral 
genome (and loreign nucleic acid inserted into it) to be integrated into the host genome 



to NialM\ iiUroLiuLC nucleic acul into the ccli. I hii.s. u iiia\ be neecssar\ lo Ntinuilatc 
replication of the tarLiet celL 

. h/cHoviru.sc.s: I he Lienonie ol an adeno\ nus can be niainpulate*.! such thai it 
er.coJes aiul e\p're>>c> a gene pioLluct ol nueie.st inn i.s mactixatCLi \n terms ol its ahilit\ 
to re[Micate m a normal 1\ tic \ iral hie c> cle. See lor example Berkner c/ a/ ( 1 ^)SS ) 
Ihi) iccluiujucs fi:(>l f>: Kosenleld ci al ( 1 I ) Scicficc 2^2:4_"> I -4">4: an^l RosenteUl ci ul 
{ \ ^>^>2) ( 68:143-155. Suitable adenox iral \ cett>rs derned from the adeno\ irus strain 
Ad t\pe 5 dl">24 or other strains of adent)\ trus (c . Ad2. Ad v .\d7 c/c' ) are well knowit 
to those skilled m the art. Recombinant adeno\ iruses are ad\ antageous in that the\ do 
not require di\ iLhng cells to be effecti\ e gene deli\ er\ \ chicles and can be used to mfecl 
a \\ ide \ ariel\ of cell t\ pes. including air\\ a\ epithelium ( Rosenfeld cl ul. ( 1 ^n)2 ) cited 
supni), endothelial cells (I emarchand c{ al. ( h>^)2) Proc Sail Acad. Sci. I SA K^:b4K2- 
64Sb), hepalocN tes (Her/ and (ieraid ( Proc. \ufL Aaui Sci. I SA W:2<S 1 2-2S I b ) 

and muscle cells (Ouantin c{ ciI. ( 1^)92) Proc Will AauL Sci. I SA 8^:2581-2584). 
.\dditionall\ . introduced adeno\ iral DNW (and foreign DN.A contained therein) is not 
mtegrated into the gent)me cUAi host cell but remains cpisomal. thereb\ a\\)iding 
potential problems that can occur as a result olMnsertional mutagenesis in situations 
where introduced DNA becomes integrated into the host gentMiie {c.i^., retrcniral I)\A). 
Moreover, the carr> ing capacil> of the adenoviral genome for foreign DNA is large (up 
to 8 kilobases) relative io other gene deliver} v ectors (Berkner ci aL cited supra: Ilaj- 
Ahmand and Ciraham ( 1986)7. I'lrol. 57:267). Most replication-detective adenoviral 
v ectors currentlv in use are deleted for all or parts of the v iral I d and 1-3 genes but retain 
as much as 80 "o ot^the adenoviral genetic material. 

Aclcno-Associaicd llruscs: Adeno-associated virus {AA\') is a naturallv 
occurring deiecliv e v irus that requires another v irus. such as an adenov irus or a herpes 
V irus. as a helper v irus for efficient replication and a productive life c>cle. {l or a rev iew 
see Mu/.vc/ka c7 ( '///t. Topics in Micro ainl huniufiol. (1992)1^:97-129). It is also 
iMie of the few viruses that may integrate its DNA into non-div iding cells, and exhibits a 
high fVequencv of stable integration (see example IdtUte ci al. ( 1992) Am. J. Rcspir. 
Cell Mo/. Biol. 7:349-356: Samulski cf al. (1989)./ I'irol 63:3822-3828: and 
Mcl aughlin c7 i//. (1989)./. I'iro/. 62:1963-1973). Vectors containing as Mttle as 300 
base pairs of AAV can be packaged and can integrate. Space for exogenous DNA is 
limited to about 4.5 kb. AAV vector such as that described in bratschin cl al. { 1985) 
.Mol ( \'ll. PioL 5:3251-3260 can he used to introduce DNA into cells. A varietv' ol' 
nucleic acids have been introduced into dilTerent cell types using AAV vectors (see (ox 
example I lermonat ct al. (1984) Proc. \afl. Acad. Sci. I SA H]_:M6(^-M7i): 1 ratschin cf 
al. (1985) Mol. ( \'ll. Biol. 4:2072-2081: W'ondisford a al. (1988) Mol. Pjnl(K'rinol. 
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Iratschiiw/ w/ (1^)84)./ ( 7/v V > 1 :6 1 1 -6 U); and \ \oUc ci/ { l')')^-^ ) J />/>>/ 
( V/C7//, 2()<S :,^.7Sl-.wW()). 

I he clticacN ot a particular c.\ press ioii \ cctor n> stem and method of inlroduciiiij 
luicloic acid into a ccl! can be assessed b> standard appre.ache> rouinieis a>ed in ihe an. 
.•^ I or example. 1)N.\ introduced uito a cell can be detected b\ a filter In bridi/ation 
technique ici^ , Sotithern blottmu) and RX.A produced b\ transcription otdntrodueed 
DN A can be detected, for example, b\ Northern blotting, RNase protection or re\ erse 
iranscriplase-pol\ niei-ase cham reaction (R l -PCK). The uene prcKiucl can be delected 
by an appix^priate assa\ . lor example b\ immunological detection ot\i produced protein, 
10 such as with a specific antibod> . or b\ a tlinetional assa\ to detect a functional acti\ it\ 
ot the gene prt)duct. 

In a prelerred embodiment, a reiro\ iral expression \ ecttH- encoding human c-Mat 
is used to express human c-Mal protein in cells in vivo, to thereh\ stimulate c-Maf 
protein aeli\ it\ in vivo. Such retro\ iral \ ectors can be prepared according to standard 

I ^ methods known in the art (discussed further abt)\e). 

A modulator\ agent, such as a chemical compound, can be administered to a 
subject as a pharmaceutical composition. Such compositions t\ picalK' comprise the 
modulator} agent and a phai-maceuticall\ acceptable carrier. As used herein the term 
"pharmaceutical]) acceptable carrier" is intended to include an\ and all sol\ ents, 

20 dispersion media, ctnitings, antibacterial and antifungal agents, isotonic and absorption 
dela\ ing agents, and the like, ctimpalible w ith pharmaceutical administration. The use 
ot such media and agents for pharmaceuticalh active substances is well known in the 
am. l:\eept insofar as any conventional media or agent is incompatible with the activ e 
compound, use thereof in the compositions is contemplated. Supplementarv active 

2s ctMnpounds can also be incorporated into the compositions. Pharmaceutical 
compositions can be prepared as described above in subsectit)n IV. 

Ihe idenlillcation of c-MatAis a ke> regulator of the production otML-4 (see e.g.. 
\\ \ Publication WO 97/y)72 \ and Ho. I-C\ c/ ul. (1^)96) ( V// S5:973-983 ). and hence 

30 continued forn^iation ot^ rh2 cells, allows for selective manipulation of i cell subsets in a 
variety ot\dinical situations using the nuKlulatory methods otAhe mvention. The 
stimulatory methods of the invention (i.e., methtKis that u.se a stimulatorv a^ent to 
enhance human c-Maf activ ity ) result in pi-oduction of 1 h2-associated cytokines, with 
concomitant promotion of a I h2 response and dovvnregulation otAi fhl response. In 

35 contrast, the inhibitory methods of the in\ention (i.e., methods that use an inhihitorv 

agent to dt)w nmodulate human c-Maf activ itv ) inhibit the pi-oducticMi of rh2-associated 
cytokines, w ith concomitant downregulation of a i h2 response and promotion of a I h I 
response. 1 hus. to treat a disease condition wherein a fh2 response is beneficial, a 
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siinuilatorx nictliod ol tlic iin ciituMi is selected such that I h2 icspoii>c> arc promoted 
w hiie dow iiregLilatinu I h 1 responses. Alternalix el\ , to treat a disease condition \\ herein 
a 1 hi response is benericiaL an inIiibitor_\ method otdhe invention is selected such that 
1 h2 resptMises are dow iiregulated wlule prt):iiotm.L: 1 hi 1 respvMi>e.^. Apphcalion of the 
.■^ methiKis ot the invention lo the treatment of disease conditions ma\ resuh in cure of the 
conditit>n. a decrease in the l> pe or number ot^ s\ mptoms associated \\ itli the condition, 
euher in the long term or short term {i.c . amehoration tW'the condition) or simpU a 
transient beneficial elVecl to the sub|cct. 

Numerous disease conditions associated with a predominant 1 hi or 1 h2-t\pe 
10 response ha\ e been identified and could benellt from modulation of the t\ pe of response 
mounted in the indi\ idtial sutVering from the disease condition. .Application of the 
immunomodulator\ methods otAhe invention to such diseases is described in further 
detail below. 

15 /\. A/lcr:^ic.s 

.Allergies are mediated tlirough Igi; antibodies whose production is regulated bv 
the activ ity of 1^2 cells and the c> tokines produced therebv . In allergic reacticMis, lL-4 
is produced b> I h2 cells, which further stimulates production of Igl; antibodies and 

20 activation of colls that mediate allergic reactions, i.e.. mast cells and basophils. lL-4 
also plavs an important role in eosinophil mediated inllammatorv reactions. 
Accordingly, the inhibitor} methods of the inv ention can be used to inhibit the 
production of rh2-associated c\ tokines. and in particular lf-4. in allergic patients as a 
means to dow nregulate production of pathogenic Igl; antibodies. An inhibitor) agent 

25 niav be directly administered to the subject or cells [c.i^.. fhp cells or 1 h2 cells) ma\ be 
obtained from the subject, contacted with an inhibitor) agent ex vivo, and readministered 
to the subject. Mt^reov er. in certain situations it ma\ be beneficial tc^ coadminister to the 
subject the allergen together w ith the inhibitor) agent or cells treated w ith the inhibitorv 
agent to inhibit {c.ii.. desensiti/e) the allergen-speci tic response, fhe treatment mav be 

30 turther enhanced b\ administering other fh 1 -promoting agents, such as the cvtokine IL- 
I 2 or antibodies to 1 h2-associated c\ tokines [ca^.. anti-lf -4 antibodies), to the allergic 
subject in amounts sufficient to further stimulate a rhl-t\ pe respcmse. 

B. ( c/nccr 

1 he expression ot^ rh2-promoting cv tokines has been reported to be elev ated in 
cancer patients ( see c.^^, . ^'amanlura. W., cf al. (19^3),/. (7//?, /nvcsf. 1 005- 1 0 1 0: 
Pisa. P., cf a/. ( 1 W2) Proc. Xaf/. Acad. Sci. I AM 8^:7708-7712) and malignant disease 
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i> olicn associated with a Nhift Irotn Hi 1 l\ pc responses to I h2 t\pc responses alonu 
with a worsening: o\ the eourse of the disease. Aeeordiniil> , the inhibitor\ methods o\ 
the nnention ean be used to inhibit the production cW'Th2-assoeiated e\tokines m cancel 
patienls. as a means to Ci^unteracl th.e Mil to- \ h2 >h\\\ and theieb\ promote an (MiiiomL! 
i h ! response in the patients to amehorate the course of the disease. The inhibitor\ 
method can iiuoUe either direct administration ol an inhibitor\ aLient U) a subject with 
cancer or e.v vivo treatment of cells obtained from the subject {c i^., Thp or \ h2 ccMs) 
With an inhibitor) aiient toMowed b\ readministration ot^lhe cells to the subject. I he 
treatment ma\ be further enlianced b> administerinii other fh 1 -promoting: aeents. such 
as the c\tokine 11.-12 or antibodies to 1 }i2-assoeiated e>tokmes (e ^ . anti-IL-4 
antibodies), to the recipient in amounts sufilcient to further stimulate a I hl -t> pe 
response. 

C Infectious Discoscs 

I he expression of 1 h2-promotine cy tokines also has been reported to increase 
durmi: a \ ariet\ of infectious diseases, including lliV infection, tuberculosis, 
leishmaniasis, schistosomiasis, filarial nematode infection and intestinal nematode 
infection (see ca^.: Shearer. (i.M. and Clerici, M. ( 1992) Pro^:^ ( licm. Immunol 54:21 - 
43: Cderiei, \1 and Shearer. (I.M. ( 1993) Jmmunoloi^y Tociuv UAOIA 1 1: fauci. A.S. 
( 1988) \o/e//cr 239:61 7-623: bocksley, R. M. and Scott. W (1992) Immum^parasitoloiiv 
/fx/ai i:A58-A61 : Pearce, V.,}..c! al. (1991)./ h'xp, Med 173:159-166: (ir/>ch. J-M.. o/ 
ill. {1991)./. Immunol 141:1322-1327: Kullberg. W.Cct al. (1992)./. Immunol. 
148:3264-3270: Bancroft. A. J., e{ al (1993)./. Immunol. 150:1395-1402: Pearlman. \\., 
CI al. ( i 993 ) //;/ec7. Immun. M: 1 105-1 1 12: Idsc, K.J.. ct al. (1994)./. Kxp Med. 
119:347-351 ) and such infectious diseases are also associated with a Thl to d h2 shift in 
the immune response. Acc(Mxlinul> . the inhibitor) methods of the in\ enlion can be used 
to inhibit the pixKluction oi^ 1 h2-associated c>tokmes in subjects with infectious 
disea.ses. as a means to counteixict the !"hl to fh2 shift and thereby promote an ongi^ng 
1 hi response in the patients to ameliorate the course of the infection. I he inhibitor) 
method can involve either direct administration of an inhibitoi-y agent to a subject w ith 
an mtectious disease or cx vivo treatment of cells t>btained from the subject {c.i^., 1 hp or 
rh2 cells) w ith an inhibitory agent followed b r -administration of the cells to the 
subject. I he treatment may be further enhanced by administering other fh 1 -promoting 
agents, such as the cytokine IL-12 or antibodies to f h2-associated cytokines {c.i^., anti- 
II. -4 antibodies), to the recipient m amounts sufficient to further stimulate a fhl-tvpe 
response. 
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1 ). Aiiloufinuific DiSL'Liscs 

I iic slinuilalor\ inclhods (M~tiic iincntion can bo iiscii therapeutical 1\ in the 
ircatiiiciU ()t autoiiiiniiinc di^casc^ ib.al :irc a.^spcialcd with, a I h.2-t\ pc J\ >1 uiiction. 
\lan\ autoininiunc disorders are the resuU of inappropriate aclixalion of 1 cells that are 
reacti\e aL^amst selh tissue and that promote the production of c\ tokines and 
autoantibodies iinohed in the patholog) of tlie diseases. ModulaticMi of T helper-t\pe 
responses can ha\ e an eftect on llie course of the auti>uiinuine disease. I-or example, in 
experimental aUeruic encephalom> elitis (l^AI:). slimulation of a Ih^-type response b\ 

1 0 aihninistration ol lL-4 at the time ot^lhe induction ot^the disease diminishes the intensit\ 
of the autominume disease (Paul, \\ .V... cf al. ( U^)4) ( V// 7b:24 1 -25 1 I. 1 urtfiermore. 
reco\ er\ ot^lhe animals from the disease has been shown to be associated with an 
increase in a fh2-t\ pe response as e\ idenced b\ an increase ol^ I'hZ-specific cytokines 
(Kour>. S. J.. Cf a/. {\W2)J. Lx/) MaL 176: 1355-1364). Moreo\er. 1 cells thai can 

15 suppress b;Ab; secrete I h2-specinc CNlokines (C'hen, (\, cf nl. ( 1904) //;//;////;/7\' 1: 1 47- 
L^4). Since stimulation of a I h2-t> pe response in l;/\b' has a protecti\ e elTecl against 
the disease, stimulation of a fh2 response in subjects with multiple sclerosis (for which 
1-AI: is a model) is likel\ to be beneficial therapeuticall> . 

SimilarK . stimulation of a I h2-type response in t\ pe I diabetes in mice prox ides 

20 a protecti\e effect against the disease. Indeed, treatment of NOH mice with lL-4 (which 
promotes a rh2 response) pre\ ents or delavs onset of t\ pe I diabetes that n(M-mally 
de\ clops in these mice (Rapoport, M.J., ci al. ( 1993) ./. Exp. Med. 17K:<S7-99). Thus, 
stimulation of a rh2 response in a subject suffering from or susceptible to diabetes ma\ 
ameliorate the effects c^f the disease or inhibit the onset of the disease. 

^'et another autoimmune disease in w hich stimulation of a Th2-t\ pe response 
ma\ be beneficial is rheumatoid arthritis (R.\). Studies ha\ e shown that patients w ith 
rheunKitoid arthritis ha\ e predominantU' 4 hi cells in s\ no\ ial tissue (Simon. A.K.. cf 
uL, (1994) Proc. \ati Accui. Sci. I SA 9 1 :S562-S566). stimulatme a 1 h2 response 
in a subject with RA. the detrimental 1 hi response can be concomitantly 

30 dow nmodulated to thereby ameliorate the elTects of the disease. 

/\ccordingl\ . the stimulatorv' methods (^f the in\ ention can be used to stimulate 
production of I h2-associated cs tokines in subjects suffering irom. or susceptible to. an 
autoimmune di ea.e in which a rh2-type response is benellcial to the course of the 
disease. The stimulatory method can in\ oh e either direct administration of a 

3> stimulator) agent to the subject or cx vivo li eatment of cells obtained from the subject 
{c.i^., I hp. 1 hi cells. B cells, non-lymphoid cells) with a stimulatory agent followed h\ 
readministration of the cells to the subject. The treatment ma\ be further enhanced b\ 
administering other rh2-promotmg agents, such as IL-4 itself or antibt>dies to Ihl- 
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aNNOCKitcd c> lokincN. hi the subject in anioiiius sutriciLMU lo funhcr .sliiiuilatc a I h2-l\ pc 
roponsc. 

In contrast to ihc auloininutnc diseases dcscribcLl abo\ c ni which a rh2 response 
l^ desirable, otiier autoiinmune Ji<ea<es nia\ be anie borate J b\ a I bi I - l\ pe ies[H)nNe. 
Such di>eases can be trealcil using an nihibilor\ aizenl ot the iinenUon (as described 
abo\e tor cancer and inleclious diseases). The treatment ina\ be turiher enhanced b\ 
administrating a 1 h 1 -promoting c\ tokine {c.i^.. 11 N-y) to the sub)ect in amounts 
sutticient to further stimulate a I hl-tx pe response. 

1 he ethcac) ol agents tor treating autoimmune diseases can be tested in the 
abo\ e described animal nn)dels of human diseases {c a: , 1;.A1; as a model ot niultiple 
sclerosis and the N( )!) mice as a model tor diabetes) or other well characterized animal 
mt)dels ot human autoimmune diseases. Such animal models include the nirl Ipr Ipr 
mouse as a model tor hipus er\ thematosus, murine collagen-induced arthritis as a model 
tor rheumattMd arthritis, and murine experimental myasthenia gra\ is (see Paul ed., 
yn/hhinicHfal Ininiunolo^iw Ra\ en Press. New York, 19<SM. pp. 840-856). .\ modulatorx 
(/■ c . stimulator) or inhibitory) agent ot~the iinention is administered to test animals and 
the course obthe disease in the test animals is then monitt^-ed b\ the stLindard methods 
tor the particular model being used. I{t lecti\ eness ot^the mtKlulatorx agent is ev idenced 
b\ amelioration obthe disease conditicm in animals treated with the agent as ctmipared to 
untreated animals (or animals treated w ith a control agent). 

Non-limiting examples of autoimmune diseases and disorders ha\ ing an 
autoimmune component that ma\' he treated according to the invention include diabetes 
mellitus. arthritis (including rheumatoid arthritis. ju\enile rheumatoid arthritis, 
osteoarthritis, psoriatic arthritis), multiple sclerosis, myasthenia gravis. s\stemic lupus 
ei-ythematosis, autoimmune thyroiditis, dermatitis (including atopic dermatitis and 
ec/ematcnis dermatitis), psoriasis, Sjogren's S\ ndrome. including keratoconjunctiv itis 
sicca secondary to Sj(:)gren's S\ ndrome, alopecia areata, allergic responses due tc^ 
arthropod bite reactions. Crohn's disease, aphthous ulcer, iritis. conjuncti\ itis, 
keratoconjunctiv itis, ulcerativ e colitis, asthma, allergic asthma, cutanecuis lupus 
ery thematosus, sclercuierma. v aginitis. proctitis, drug eruptions, 

lepros> reversal reactions, ery thema nodosun: leprosum. autoimmune uveitis, allergic 
encephalomyelitis, acute necrotizing hemorrhagic encephalopathy , idiopathic bilateral 
progressive sensorineural hearing loss, aplastic anemia, pure red cell anemia, idiopathic 
thrombocy topenia, poly chondritis, \\ egener's granulomatosis, chronic activ e hepatitis, 
Stev ens-.lohnson s> ndrome. idiopathic sprue, lichen planus. Cd'ohn's disease. Cirav es 
ophthalmopathy , sarcoidosis, primary hiliarv cirrhosis, uveitis posterior, and interstitial 
lune tlbrosis. 
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\\ hiic grail rc)cclion or gratt acceptance nia\ not l^c atu ibiilablc c\clusi\cl\ to 
liic aclion of a [Tarlicular I ccii sut^sct ( / c , Ihl or i h2 ccl Is nn the graft rccipiciit ( tor a 
5 discussion see Dallnian. M.J. { 1^^)."^) ( '///v Opin InjDuoiol luiniertnis 
studies ha\ e uiiplicated a predominant i h2 response in prolonged graft sur\ i\ al or a 
l^ied(>niHiant I [i2 response \\\ grail rejection. l or example, graft acceptance has been 
associated w ith production ol li rh2 cytokine pattern an^i or gralt rejection has been 
associated with production ol a Ihl c\ tokine pattern ( see . lakeuchi. \ . cf al (1*^^)2) 

M) //■w//s/?/^//?/^///V;/; 52:12SM2^)1: l/akis. .A.Ci. CM//. I\'duiir Sury^ 2*^:754^756: 

Thai. \.L. cf cil { I ^^>5 ) iransphintciiio}! 5^:274-2S 1 ). Additionally adopii\ e transfer of 
cells ha\ ing a I h2 c\ tokine phenol} pe prolongs skin graft surv i\ al (Maeda. 1 1. ci al 
{ 1*^)*-^) hi[. h}}}uii}}()L 6:H55-(S62) and reduces grafl-\ ersus-hc^st disease (f owler. D.H. cf 
ill. (l^)^M) K4:354()-354^); fowler, I). 11. a al. (1W4) rro^^. (lin. Biol Res. 

15 58^:533-540). Still further, adniinislration of I L-4, wliich promotes rh2 differentiation, 
prolongs cardiac allograft sur\ i\al (l.e\>. A.I 2 and Alexander. J.W . ( 1*^)*^)5) 
} rcuispUuUiitiofi 60:4()5-4()6), whereas administration of 11,-12 in combinatit>n with anti- 
IL-IO anlibtHlies. which promotes I hl dit ferentiation, enhances skin allograft rejection 
(dorc/ynski. R.M. ct al. ( 1995) Iransplantalion 60:1337-1341 ). 

20 .Accordingl} . the stimulator) methcKis of the iin enticMi can be used to stimulate 

production of I h2-associated cy tokines in transplant recipients to prolong sur\ i\ al of the 
graft. 1 he stimulator) methods can be used both in solid organ transplantation and in 
bone marrow transplantation (e,/^^. to inhibit grafl-\'ersus-host disease). The stimulator)' 
method can in\ ol\ e either direct administration of a stimulator)' agent to the transplant 

25 recipient or cx vivo treatment of cells obtained from the subject {e.i^., Thp, Ihl cells. B 
cells, non-1) niphoid cells) w ith a stimulator) agent followed b) readminislration of the 
cells to the subject. The treatment ma) be lurther enhanced b)' administering other 1 h2- 
promoting agents, such as 

11.-4 itself or antibodies to I h 1 -assiKdated c) tokines. to the recipient in amounts 
30 sufficient to turther stimulate a 4 h2-type response. 

In addition to the foregoing disease situatit^is. the modulatory methods of the 
iinention alst) are usetul for other purposes. 1-or example, the stimul itor) methods of 
the iinention (i.e.. methods using a stimulatory agent) can be used to stimulate 
35 producti(^n of 1 h2-pronioting c)tokines [c.i^., IL-4) /// vilro for commercial production 
ol these c) tokines {c.i^.. cells can be ct^itacted with the stiniulator) agent in vilro to 
stimulate 1 1. -4 production and the I L-4 can be reco\ered from the culture supernatant, 
turther purified if necessar) . and packaged for commercial use). 
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I- uilliLTiiiorc. the iiiodiilaloiA niclhodN oTlhc nn cntion can be applied to 
\ aecinalh>ns [o pvomolc c'whcv a I h 1 or a i h2 rcsf^onsc lo an anliLjcn o\ \ nlc^c^t in a 
Mil^jcct. 1 hal IS. ihc aiicnls ot liic uucnlion can scr\c as aLijiuants to direct an imnuine 
rest^onse to a \accnie (.alher to li ! !i I re^[^vMise or a ! h2 respoi^.se. l or e.\ani[^le, te* 
>tniuilate an antibod\ response to an antiLien ol" nitercNt (/ l'.. lor \ accmalion pnrpo.ses), 
the antigen and a slinuilattn'\ agent of the uu ention can be coadn^inistered to a siibjeet 
lo promote a 1 h2 response lo the antigen m the snbjeel. suiee rh2 responses pro\ ide 
etficient H cell help and promote IgCil prodiiclion. /\lternati\ el\ . to promote a eel hilar 
immune response to an antigen of interest, the antigen and an nihibitor\ agent ot'the 

10 in\ ention can be ct>administered to a subject to promote a Th 1 response to the antigen in 
a siibieel. since I hl respc>nses tawM* the dex elopment of cell-mediated imnuine 
responses (e , dela\ed h\ persensiti\ it> responses). The antigen ot interest and the 
modulator} agent can be tbrnuilated together into a single pharmaceutical composition 
or in sepamte compositions. In a preferred embodiment, the antigen ol' interest and the 

1> modulator} agent are administered simultaneously to the subject. Alternati\ el\ , in 
certain situations it may be desirable to administer the antigen first and then the 
modulator) agent or \ ice \ ersa (lor example, in the case ol an antigen that nattirall) 
e\t>kes a I hl respcMise. it ma\ he beneficial to first administer the antigen alone to 
stimulate a Ihl response and then administer a stimulator\ agent, alone or together with 

20 a boost of antigen, to shift the immune response to a rh2 response). 

This imention is liirther illustrated b\ the following example, which should not 
be construed as limiting. I he contents oi^all references, patents and published patent 
applications cited throughout this application are hcreb\ incorporated b\ reference. 
25 Additionally, all nucleotide and amint) acid sequences deposited in public databases 
ret erred tc^ herein are also hereb\ incorporated b\ relerence. 

K\ AMPLK : Isolation and C haractcri/ation of a Human c-.Maf Nucleic Acid 

30 l o isolate a nucleic acid molecule encodinu human c-maf. a human eenomic 

DNA librar\ in lambda phage (commercialK a\ailable from Stralagene) was screened 
with a radiolabeled DNA probe deri\ed from the 3' untranslated region cW'the mouse c- 
Maf gene, f ollowing h\ bridi/ation nv.er standard conditions, filters were washed under 
stringent conditions in ().2X SSC\ 0.1" o SI)S w ash buffer at approximateU 62 ' C\ 

35 Phage clones that remained hybridized to the probe under these conditions were selected 
and isolated to purity. 1 he genomic inserts t^f the isolated phage wei-e subcloned into 
the plasmid \ ector pBluescript KS If b\ restricticMi digestion of the phage I)N.\ w ith 
Nhel and insertion into the Xbal site of the plasmid. coli bacterial cells carr\ ing a 



[M^Uicscnpl pla.Mnid coiuaiiunL: the luinian c-Xhit" ctKliiii: region, referred lo herein a.s 
[^1 hi-e-Mat. lias been def^osiled under the pro\ isu>n.s ofthe Budapest I reat\ \Mth the 
Aineriean 1 \ pe Cuhure C'oMeetion, l\oek\ i!le. Ml), on l ebruarx 24, P)OS and assigned 
A i ( { .\eee.ssn>n \o \ I hj< ph^niid. eontau^.s ar. N'hiel iraL:nient e<l' apprv>\ niialeU 

."^ 4.2 kb (derixed from the isolated phage), eloned into the eoinpatible Xbal site i>tAhe 
[Masnud \eetor, to thereb\ ereale a 4.2 kb Nhel Xbal insert that eneodes human e-\lat' 
It should be noted that upon ligation olAhe Nhel fragment into the Xbal site, these 
resirietion sites are nt)l regenerated and. thus, to excise the tragmenl from the plasmid. it 
is neeessar\ to use adjacent restriction sites uithm the pBluescnpl pol\ linker. 

1'* 1 lie ctnling region ot human e-Mat\ contained in the pi lu-c-Maf plasmid, was 

scejuenced by standard dideo\> seciuencing methods. The nucleotide and predicted 
amino acid sequences are shown in SIX) 11) XOs: 1 and 2. respectix el\ . 

4 he ccniing region encompasses appro\imate!\' 1 .2 kb of I)N A and thus, the 
remainder ol the 4.2 kb insert of pi lu-c-Maf represents 5' and 3' untranslated sequences, 
f igure 1 shows a comparison oi^the nuclet>tide sequence of hu-c-Maf show n of SIT^) 11) 
NO: 1 w ith the mouse c-\laf coding region. /\ number of nucleotide dil fcreiKX's 
between tlie two coding regions are e\ idem, which difterences are bo.xed m f igure 1 . 
f igure 2 shows a comparison ol'the amino acid sequence ot hu-c-Maf shown of^Sl-Q II) 
NO: 2 w ith the mouse c-MatAimino acid sequence. .Again, a number of amines acid 

20 differences between the two proteins are e\ ident. which differences are boxed in 

figure 2. 1 he oxerall structure ofthe human c-Maf protein. howe\er, is conserved with 
the mouse c-Mal protein, including the presence of a leucine zipper domain at amino 
acid positions 313-348 of SI:Q ID NO: 2. 

25 b:Ol lVAI.i:N I S 

I hose skilled in the art will recogni/.e. or be able to ascertain using no more than 
routine experimentation, main equiv alents to the specific embodiments olAhe iinention 
described herein. Such equixalents are intended to be encompassed b\ the ibllowing 
claims. 



